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Look Before Leaping At Sub-contracts 


Now that the “spread-the-work” program is well under 
way, many small and medium-size plants are seeking 
and obtaining defense contracts. The urge to get arma- 
ment business comes from two directions. In_ past 
months O.P.M. preached sub-contracting and even put 
on pressure to impel or compel sub-contracting. But 
today in many cases there is no need for O.P.M. to exert 
pressure. Priorities are forcing many companies to 
choose between getting into the “defense business” or 
shutting up shop for lack of materials. The choice is 
obvious, but that has created the danger that companies 
will rush into defense work with undue haste. Some 
have done so already. 


It need not be proved that many of the drawings of 
parts and assemblies for armament designs are incom- 
plete, ambiguous, or contain errors. In the rush to 
complete the drawings, many draftsmen were hired. 
Even squad bosses and assistant chief draftsmen in 
some of the hastily organized engineering departments 
are men of limited experience. This is no criticism. 
Such conditions are bound to develop when organiza- 
tions are hastily assembled, almost overnight. 


With draftsmen of limited experience, with a scarcity 
of competent supervisors, with tremendous pressure be- 
ing put on the engineering department to finish the 
drawings quickly, imperfect drawings must be expected. 
Therefore, before a sub-contractor accepts a defense 
order, he should turn the drawings over to his own 





engineering department for a complete detailed study and 
analysis of the parts, assemblies and specifications. 


A study of the drawings for a defense job should 
include more than a careful check of all dimensions. 
The quality of all surface finishes should be designated 
specifically in terms that the production shop of the 
company concerned will understand. The part should 
also be analyzed with respect to its assembly in the 
completed machine. Surfaces and edges from which 
dimensions are to be gaged, should be indicated. Heat- 
treatments should be noted on the drawings. Not until 
such an analysis has been made thoroughly, should the 
drawings be O.K.’d for the use of the estimating and 
production departments. 


Some companies that took sub-contracts without mak- 
ing a careful study are already finding to their sorrow 
that many of the simple looking jobs are difficult to 
make and require production techniques for which they 
have neither the men nor the machines. The result is 
wasted time, effort and money. In many instances, it 
means a last minute hold-up on the completion of a tank, 
plane, gun mount or other ‘important defense item. 
Everybody loses. 


It takes time, but in the end time and money will be 
saved if the engineering department of the sub-contractor 
digs out all the facts and data regarding the part or 
sub-assembly to be made, before the order is taken. 
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PHOTOELECTRIC CONTROLS 






Typical Applications for Industrial Equipment 


EART of all photoelectric con- 

trol equipment is the phototube. 

Of the several kinds available 
the gaseous, photomissive type has 
found most widespread usage in indus- 
trial control. This two-element photo- 
tube consists of a small rod-like anode 
and a relatively large semi-circular 
cathode sealed in a glass tube which is 
first evacuated and then filled with an 
inert gas, such as argon, at a low pres- 
sure. The cathode of the phototube is 
covered with a composite coating con- 
sisting of caesium oxide on silver to 
produce a light sensitive surface. Thus, 
when light falls on the phototube, elec- 
trons are emitted from the cathode and 
flow to the anode which is operated at 
a positive potential. The voltage cre- 
ated by this current flowing through a 
resistor is applied either directly to the 
grid or centro] element of a thyratron 
tube or is first amplified and then ap- 
plied te the grid of the thyratron, de- 
pending upon the sensitivity required. 


Packages are counted as they pass along a conveyor line. Light source is at left and 


Westinghouse Electric & Mfg. Company 


The thyratron is merely a grid con- 
trolled rectifier tube which is capable 
of carrying current of the order of 100 
millamperes to 5 or 6 amperes. The 
output of this tube is then used to ener- 
gize a sturdy, industrial relay the con- 
tacts of which can be placed in the con- 
trol circuit of the equipment to be oper- 
ated whether the equipment be a motor. 
light, alarm bell, solenoid valve, or a 
magnetic counter. 

The photo-troller, commonly known 
as the “electric eye control” is one of 
the simplest and most widely used of 
electronic control devices. Most people 
are familiar with its common applica- 
tions such as the opening of doors, the 
counting of people entering public 
buildings, and the automatic operation 
of drinking fountains. 

The photo-troller is simply a light 
operated switch. Fundamentally it 
usually consists of a phototube, an am- 
plifier tube, a thyratron tube and a con- 
trol relay circuit. These are all mounted 
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photoelectric relay at right. As many as 150 packages per minute may be counted 
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en an insulated panel housed in a sheet 
metal cabinet. Usually the phototube is 
mounted on the panel of the photo- 
troller but it may be placed in a photo- 
tube housing and extended from the 
photo-troller with 10 feet of shielded 
cable. This is done when the photo- 
troller cannot be mounted where de- 
sired because of its physical size and 
shape. Extensions up to 25 feet can be 
used in special cases. 

Photo-trollers, light sources, and 
phototube housings are available for 
indoor and outdoor service and for oper- 
ation over distances up to 200 ft. The 


Front panel of a photo-troller. The 
phototube is in the center to receive 
light passing through the rectangular 
slot in cabinet door. Relay performing 
the control functions is mounted on the 
panel at upper left 


equipment built for outdoor service and 
for operation over long distances is nat- 
urally ‘more expensive than indoor equip- 
ment or equipment designed to cover 
short distances. The price of a com- 
plete photo-troller along with the light 
source and extended photo-troller hous- 
ing may range from $35 to $300 depend- 
ing upon the service for which it is de- 
signed and the distance between the 
light source and photo-tube. 

Variation in the amount of light fall- 
ing on the phototube is necessary to 
operate the photo-troller. Light is fur- 
nished by a source, designed to match 
the phototube housing, usually a 6-8 
volt automobile headlight lamp oper- 
ating on a.c. supplied either by a 
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Sheet steel is inspected for small holes and cracks as the steel strip moves along the conveyor lines into the leveling rolls and 
out to the flying shear. Holes as small as 1/64 in. can be detected while the strip travels from 100 to 1,000 ft. per min. 
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A typical tin shearing line showing the position of the pin hole detector 


winding on the photo-troller trans- 
former or by a small step-down trans- 
former. The light emitted can be 
transmitted directly to the phototube or 
can reach the phototube by reflection 
from some material such as paper, rub- 
ber, or fabric. 

The simplest photo-troller applica- 
tions usually use the transmitted light 
principle while the reflected light prin- 
ciple is generally used for “register 
regulator” applications. 

When a person or an opaque object 
Interrupts the light beam the amount of 
light falling on the phototube is 
changed. This causes a change of cur- 
rent in the phototube which is then 
amplified and sent to the grid of a thyra- 
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tron tube. The output of this tube ener- 
gizes a relay, the contacts of which can 
be used to control any desired electrical 
equipment. 

Some of the many other applications 
for the photo-troller are: to count auto- 
mobiles passing a point or articles mov- 
ing along a conveyor line in a factory; 
to weigh; to sort objects by size, shape 
or color; to protect operators of dan- 
gerous machinery such as punch presses 
and shears; to prevent material moving 
along a conveyor line from falling to 
the floor at the end of the line; to re- 
verse red hot billets in. steel mills; to 
prevent cranes from over-travelling; to 
stop circular casting machines directly 
over the mold; to control the level of 


liquids in tanks and to initiate flying 
shears in steel mills. Several interest- 
ing photo-troller applications are dis- 
cussed below in detail. 


Pin. Hole Detector 


The problem of detecting pin holes 
vz in. in diameter and smaller in strips 
of sheet steel traveling at speeds of 1,000 
ft. per min. would have been considered 
impractical, if not almost impossible, as 
recently as 5 years ago. Today a photo- 
electric control device known as the “pin 
hole detector” not only does this job 
unerringly but also marks the defective 
portion of the strip or initiates a 
“memory device” which later rejects the 
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particular sheet in which there is a hole. 

Formerly extremely brilliant lights 
were directed against the sheets from 
the lower side and workmen inspected 
the sheets for small holes as they moved 
along a conveyor line. This was a tiring 
task for human eyes to perform and, 
hence, it was necessary to have several 
inspectors working alternately in shifts 
of two or three hours. The maximum 
speed of inspection was approximately 
50 feet per minute. 

The photoelectric pin hole detector 
has changed this process considerably. 
Instead of inspecting the steel after it is 
cut up in sheets, the pin hole detector 
scans it while still in strip form, passing 
through the mill as fast as 1,000 ft. per 
min. A light source which throws a 
narrow but powerful band of light com- 
pletely across the strip is placed above 
the strip. and a phototube housing is 





One end of a paper roll is kept even 
during the winding precess by this rotat- 
ing light beam scanner used with the 
slitter regulator. Light source and ro- 
tating lenses driven by a synchronous 
motor can be seen inside the cabinet. 
Photo-tube is shielded and mounted out- 
side the cabinet 


placed underneath it directly under the 
light source. If a hole is in the sheet, 
light passes through it and falls on one 
of the phototubes. The electrical im- 
pulse thus created is amplified and ap- 
plied to the grids of a thyratron tube 
which “fires” and operates a relay. This 
in turn may operate a warning signal, 
stop the mill, or initiate a marking de- 
vice, which marks the portion of the 
strip containing the pin hole. Later 
the strip is cut into sheets, those that 
are marked can easily be ejected by 
workmen, 

Occasionally the pin hole detector is 
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Schematic arrangement of mechanical cutting, feed equipment, and electronic register 
regulator equipment on a continuous feed wrapping machine 


used to initiate a “memory device.” 
This has the unique ability of “remem- 
bering” what section of the strip was 
defective, and when the sheet containing 
this defect is carried along the con- 
veyor line to a predetermined point the 
memory devices operate a_ solenoid 
which ejects it. 


Slitter Regulator 


Other specialized photoelectric equip- 
ment has become widely used in the 
paper-printing and packaging industry. 
When paper comes out of the processing 
mill it is wound onto rolls. Without 
some means of control, the paper feeds 
onto these rolls unevenly—the edge of 
the roll may vary as much as ¥% in.— 
and later, when this paper is printed 
for labels or package wrappers, it feeds 
into the press unevenly causing an 
undue amount of waste between the 
printing and the edge of the paper. 

In many cases before the paper is fed 
into a printing press, it is unwound from 
the mill roll and rewound using a photo- 
electric positioning control to guide the 
paper evenly onto the rewind roll. This 
results in a roll one end of which is flat 
within + * in. Considering that the 


paper travels from 500 to 2,000 ft. per 
min. the photoelectric unit must be 
sensitive and must be capable of rapidly 
making any correction necessary in the 
lateral position of the paper as it feeds 
onto the roll. 

The equipment for accomplishing this 
job consists of: a scanner, electronic se- 
lective and power circuits, and reversing 
d.c. motor. 

The scanner houses the light source, 
the phototube, and a small synchronous 
motor. The synchronous motor drives a 
metal disk near the periphery of which 
are mounted four small circular lenses. 
These focus the light from a single light 
source mounted above the disk, onto the 
paper as four superimposed rotating 
beams. The composite beam is directed 
onto the edge of the paper as it passes 
over an idler roll, which is of a color 
opposite to that of the paper. The color 
differential between the rol] and the 
paper causes the phototube to give al 
impulse as the rotating beam of light 
crosses the edge of the paper. 

Since there are four lenses rotating 
at 1,800 r.p.m., one impulse wil! occut 
every half cycle in respect to the a. 
supply voltage. When the paper is 2 
the correct position the lenses and the 
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scanner are adjusted so that an impulse 
will occur exactly at 90 deg. on the a.c. 
supply voltage wave. If the paper is 
moved to one side of the correct position 
the impulse occurs earlier and occurs 
later if moved to the opposite side. The 
electronic selector circuit is so arranged 
that an impulse occurring earlier than 
the 90 deg. position will cause a thyra- 
tron to supply rectified a.c. to run the 
dc. reversing motor in one direction. If 
the impulse occurs later than the 90 
deg. position another identical thyra- 
tron will supply current and the motor 
will run in the opposite direction. The 
d.c. motor adjusts the lateral position of 
the unwind roll through a chain drive 
arrangement thus guiding the paper 
onto the rewind roll making one end of 
it very even. This system thus permits 
even rolls to be later fed into the press 
without danger of having the printing 
running off the paper. This considerably 
reduces the amount of waste which must 
be trimmed off and thereby reduces 
costs considerably. 

When the printed designs are small 
it is usually advantageous to print a 
number of designs side by side across 
the width of the sheet. After printing 
it is necessary to cut between these de- 
signs and wind them into separate rolls 
for use in packaging machines. This 
operation, as well as trimming the bor- 
der of the design nearest the edge of 
the sheet, can be accomplished by using 
the same photo-electric device to guide 
the paper into the “slitter” and trim- 
ming knives. Here the edge of one 





Candy wrapping machine using photoelectric register régulator to position wrapper for 
cutting at proper time relative to printing. Register marks are at edge of wrapper 
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design is used to operate the photoelec- 
tric control. However, this cannot be 
done if the edge of the design is not a 
straight line. In this case a straight line 
is printed adjacent to the design and the 
slitter regulator operates from that. 

This slitting operation can also be 
performed at speeds up to 2,000 ft. per 
min., depending on the color differential 
between the roll and the paper, with 
accuracies of approximately + «x of 
an inch. 


Register Regulators 


Now that the printed paper is 
trimmed and slitted into rolls it is ready 
to be used in a wrapping machine to 
wrap candy, bread, cigarettes or chew- 
ing gum, and many other items. 

Before the actual wrapping operation 
can be performed the wrapper must be 
cut from the roll with correct relation 
to the printing. This is accomplished 
by a photo-electric “register regulator” 
which continuously adjusts the position 
of the paper being fed into the cutter of 
the wrapping machine. The register 
regulator operates from small colored 
“register marks,” usually approximately 
1. in. by % in., printed at the edge of 
each wrapper. 

Two general kinds of wrapping ma- 
chinery are in use today, one using re- 
ciprocating feed and the other using 
continuous feed. Each of these requires 
a different type of photoelectric control. 
Since the continuous feed type is some- 
what the simplest and yet the fastest, 





only its operation will be described. In 
the continuous feed wrapping machine 
the wrapper is cut by a rotating knife 
which is driven by the main driving 
motor. The paper is fed into the cutter 
by feed rolls which are also driven by 
the main driving motor except through 
a mechanical differential. If the adjust- 
ing shaft of the differential moves in one 
direction the feed rolls momentarily 
speed up and push the paper ahead. If 
it moves in the other direction the paper 
is slightly retarded. When using the 
register regulator this is accomplished 
by having the control operate either a 
reversing d.c. motor, as in the case of 
the slitter regulator, or two solenoids to 
turn the adjusting shaft. 

The register regulator consists of a 
scanner, which includes the light source. 
phototube, and amplifier tube; the regu- 
lator proper containing the thyratron 
tubes to furnish power to the coils of a 
reversing line starter; and a reversing 
line starter to control the motor or 
solenoids used in moving the shaft of the 
differential. 

A rotating selector switch is also 
fastened to the shaft of the cutter. This 
selector switch is so adjusted that when 
the paper is in the correct position as the 
register mark passes under the scanner 
no starting impulse is conducted to the 
thyratron tubes in the control. But if 
the paper is ahead of the desired posi- 
tion, one of two thyratrons will carry 
current, operate the motor for an in- 
stant and retard the speed of the paper. 
If the paper is behind when the register 
mark reaches the scanner, the motor 
will be operated in the opposite direc- 
tion and the paper is forced ahead. If 
the paper is more than s» in. out of 
register, more than one correction must 
be made to correct it. 

This regulator may make as high as 
ten such corrections per minute thus in- 
suring that the cut occurs within + 2 
of an inch of the desired position. The 
color and size of the register mark de- 
termines the speed of operation. If the 
color differential between the paper and 
the mark is above 80 percent, a speed of 
1,200 ft. per min. may be obtained pro- 
viding the wrapping equipment will 
operate at that speed. On the other 
hand a color differential of 25 percent 
will allow a speed of only 300 ft. per 
min. Usually register marks with a 
differential of 20 to 40 percent will give 
satisfactory operation and yet not de- 
tract from the appearance of the finished 
product. 

This application is another excellent 
example of the lightning speed, the 
uncanny accuracy of the photoelectric 
devices, and the ability to perform a 
control operation with a saving result- 
ing from the reduction in waste and the 
increased speed of operation. 
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Simplification, increased _ effi- 
ciency and less noise and vibra- 
tion were aims of General Elec- 
tric -engineers in redesigning 
their garbage “Disposall’” — a 
unit for attaching to home sinks. 
Results: number of parts re- 
duced from 198 to 137; castings 
reduced from 17 to 13; weight 
reduced by 10 Ib.; height re- 
duced by 4 in.; and in spite of 
reduced dimensions, waste stor- 
age space increased by 11 cu. in. 
Shredding element is more effi- 
cient, and vibration is reduced. 


Twist top _<« 


ee 






Thorough Redesign Job Eliminates 61 Parts 


Comparison of old and new de- 
signs illustrates extent of changes. Op- 
eration of the unit is as follows: Gar- 
bage is dumped in through sink flange, 
Twist Top is put in and turned to “on”, 
and cold water is turned on. Flow in- 
terlock in cold water line then closes 
circuit, starting motor. Impellers whirl 
garbage against shredding elements, 
and shredded pieces are washed out 
through secondary shredders into drain. 
Time required to dispose of average 
quantity is 144 min. 


The waste receiving compartment of 


the redesigned Disposall has larger di- 
ameter at base, increasing capacity and 
providing greater taper or relief for 
waste moving downward. Neoprene re- 
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Modern Designs 


silient gaskets of improved design iso- 
late vibration and noise. To facilitate 
installation, a slip joint between upper 
and lower castings permits 360-deg. ro. 
tation of lower unit. 

Impelling element now is mounted 
directly on motor shaft by left-hand 
screw threads. Formerly it was mounted 
on separate shaft driven through flexi- 
ble coupling, an arrangement requiring 
more parts and resulting in noise from 
eccentricity. Permanently lubricated 
Timken Roller main bearing is mounted 
in neoprene. Rotary seal is smaller 
and is designed so that any seepage of 
water is carried to the outside of the 
unit instead of into the bearing as hap.- 
pened with previous designs. 
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Twist top control element consists 
of high-grade bronze disk with molded 
phenolic resin handle and sealing disk. 
The unit seats against a tapered ground 
seat near bottom of flange opening. In 
this position the seat, which also seals 
the drain when desired, is protected 
from damage. Twist Top of previous 
Disposall was of stainless steel, and 
sealed in a recess in the top surface of 
the sink flange. Both Twist Top and 
seat could easily be dented, causing 
improper seating and sealing. 
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Flow interlock valve, plumbed into the cold water line, prevents motor from 
starting until more than 2 gal. per min. of water is flowing from the sink faucet and 
through the Disposall. Precision electric switch of the flow interlock is connected in 
the motor control circuit in series with the switch operated by the safety Twist Top. 
Both switches must be closed before the motor starts. 

















— Moly -ron Principal Changes in Specifications 
Shredding edges Ch oh mal 
~ - Ci a S t Si / +4 ai {- 
17g e/emeny PREVIOUS PRESENT 
Part DIsPOsALL DIsPOSALL 
Sink Flange Zinc die-casting, High-grade bronze, 
chromium plated chromium plated 
Supporting Ring Zinc die-casting High-grade bronze 
Strain ing sz Clamping Ring Formed sheet steel Cast iron with fibre 
grooves 4 gasket 
= Twist Top Formed stainless Bronze disk with plas- 
steel, zinc handle tics handle 


Ne oprene 
resilient 
™~ mounting 








Shredding Element Ni-Al-Bronze insert Molybdenum-iron 
in zinc die-casting casting 











Impeller blades High-grade bronze Drop-forged steel, 
heat-treated 
Impeller Flywheel Zinc die-casting High tensile cast iron 
Main Bearing Tapered roller, Tapered roller, per- 
grease annually manent lubrication, 


resilient mounting 








Twelve shredding edges in new molybdenum-iron cast- Motor (1,725 r.p.m.) Capacitor type, Same type, higher 

: q : } ; ‘ ‘ Vy hp. starting torque 

ing, which lines entire lower housing, replace a single nickel- 

aluminum-bronze cutting surface inserted into easily eroded f ’ ; ‘ 
zinc die-cast housing of previous design. Straining element Changes in materials specifications, some of which are listed 
consists of 45 vertical grooves set around base of casting. above, were dictated for nearly every part by the design study. 
Two retractable impeller blades, rotating with flywheel at Present specifications call for appreciable quantities of stra- 
1,725 r.p.m., have been redesigned to give greater gouging tegic materials, principal among which are zinc die-casting 
and tearing action to shredded waste particles as they are alloy, bronze, and neoprene. General Electric Company al- 
washed into straining grooves. Blades are drop-forged steel ready have completed patterns and production plans for 
heat-treated to 60 Rockwell C; previous blades were bronze. making the main housings of cast iron, if that should become 


Edge of flywheel is smooth whereas in previous design it was 
notched, permitting jamming of hard particles between fly- 
wheel and grooves in wall. Flywheel is now of high-tensile 
cast iron instead of softer die-cast zinc alloy. 
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necessary. Substitutes for bronze, neoprene and other mate- 
rials are difficult to find, because alternate materials are also 
hard to obtain. 
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MODERN DESIGNS = Hydraulic Brake Controls Tension 
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Uniform tension on a web of material being unwound 
from a parent roll is achieved in this tension unwinder of 
Johnstone Engineering & Machine Company, by looping 
the web over a “nerve roll.” Changes in the tension of the 
web cause the nerve roll to move, actuating a hydraulic bel- 
lows system which in turn actuates the hydraulic brake 
coupled to the parent roll. The nerve roll is mounted in 
roller bearings on a pinion shaft which rolls on tracks at each 
end of the frame. Racks engage pinions on the shaft to keep 
the nerve roll aligned. Pull of the nerve roll is regulated by 
adjusting springs or weights attached at one end. 
Mountings for the parent roll shaft are designed to speed 
loading and unloading. The bearing at the brake end is of 
the split type, quick opening and self locking; at the other 
end is an open bearing. The parent roll shaft is connected 
to the brake by a twist coupling which requires less than a 
quarter turn to unlock. Adjusting screws operated by hand 
knobs permit quick alignment of the bearings. To simplify 
threading up the web, a lever releases brake pressure. 
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Hydraulic brake which controls the speed of the un- 
winding roll is actuated through a differential reduction gear 
which transmits the movement of the nerve roll to master 
bellows mounted at one end of the nerve roll. Copper tubing 
connects master bellows with relay bellows at the brake. 
Hydraulic element is a low viscosity oil. The relay bellows 
engages a roller bearing mounted lever and eccentric which, 
in turn, engages the free member of the disk brake. The 
fixed members of the brake are bolted to the frame of the 
stand. The hydraulic braking control system is so sensitive 
that 14% lb. tension on the web will produce a pressure of 
1,200 lb. on the brake. 

Brakes are of the air-cooled type on machines for han- 
dling light and medium-weight papers, fabrics, imitation 
leathers, rubber, and rubberized fabrics. A water-cooled 
brake is necessary for heavier materials such as boards up to 
20 points thick. Speeds depend upon the material being 
handled and the width of the roll, the maximum for the 
air-cooled brake being 700 ft. per min. 


Fan Bases Revert to Cast Iron 


Cast iren base substituted for a zinc 
alloy die-casting in this Westinghouse 
electric fan saved approximately 3.7 lb. 
of zinc, or 50 per cent of the total 
amount of zinc used in the original 
design. Fan bases used to be made of 
cast iron, but the cast material was 
dropped before the advent of stream- 
lined design. Therefore, the design was 
slightly changed and special foundry 
technique had to be developed for the 
streamlined bases. The pattern has to 
be drawn carefully from the mold to 
prevent ragged edges. Certain parts of 
fan housings have also been changed 
from die-cast zinc alloy to drawn steel. 
Blades are almost all of phenolic resin. 
Rotors in the motors have been changed 
from die-cast aluminum to fabricated 
copper. 


Zinc alloy 
Aie-cast bas 


982 








Cast iron 
base — 


Propuct ENGINEERING 


shatt with one-quarter turn 


























































Aerylie Resin Replaces Aluminum in Housing 





Substitution of aerylie resin for 
cast aluminum in the housing of this 





























ay electric fence controller produced by 
W. Haddon Judson Company, released 
41% lb. of the strategic metal per case. 
In addition, cost was reduced from 
$3.45 to $1.85 per piece. 
The plastic sheets are drawn to shape 
in molds costing a fraction of molds 
required for cast aluminum. Metal 
housing required extra plastic and por- 
celain insulation parts which have been 
eliminated by the high dielectric 
strength of the new plastic case. Letter- 
ing is applied to the inside of the trans- 
a parent acrylic resin by decalcomania, : Plastics Aluminum 
re following which the inside is given a aa housing housing 
coat of enamel. 
Ss ° 
ol] Monel, Beryllium Copper Conserved 
turn 
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1 gear 
naster 
tubing 
brake. 
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_ being Shaking rai/ : “aan ; 
or the SPrings “ wall, 
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Corrosion was main factor jn de- Large flat springs designed to sup- 
termining a suitable alternate for Monel : ; port the shaking rail of paper-making 
in the Save-All pans of Rice Barton Clamping (Shaking rail machines were formerly made of 
Corporation paper-making machinery. vied . beryllium copper by Rice Barton Cor- | 
These pans collect and carry off “white ! poration, but now are being made of 
water” drained from paper stock. Some i laminated phenolic plastics. The shak- il 
\ solutions contain traces of dilute and \ Y ing rail, as shown at right, mounts rolls 
\ hot (112 deg. F.) sulphuric acid. Rice % . U) which support the wire. This entire as- 
| Barton has been experimenting with IW sembly oscillates from side to side with 
| | silicon bronze for five years and found AS a maximum deflection from center of ' 
: | that it compared favorably in service 3g in. Maximum number of oscilla- ‘ 
with the nickel alloy, but the finish was tions are 500 per min. Four flat strips ; 
not as attractive. Cost of bronze pan is . ---- Bracket of beryllium copper, each 1 in. thick, 
less than that of a Monel pan. Hot . arranged in pairs were bolted to shak- 
rolled, specially cleaned silicon bronze ~*~ ing rail and base in previous design. In 
is specified. The bronze must be clean “Rubber reduces alternate design, the spring is one strip 
for welding, otherwise silicon dioxide stress concentration of Micarta Grade 200, 3 in. or % in. 
forms and spoils the weld. Silicon thick and wider than the metal spring. 
bronze sheets do not readily weld to *"---/ aminated phenolic Plastic springs are backed up with a 
cast brass or cast bronze parts, so silver spring V2" thick patented rubber mounting in order to 
solder or riveting is used. reduce bending stress concentration. 
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MODERN DESIGNS = Ice Cube Compartment Redesigned 





lee-cube compartment door on Westinghouse “Betsy 
Ross” refrigerator was formerly made of aluminum and 
plastic, is now made of porcelain enamel and _ plastic. 
Plastic center panel remains the same (polystyrene) and is 
attached to the porcelain enamel by heading over with a 
hot iron eight integrally molded studs which project through 
holes in the metal. Hinges on this door were also redesigned. 
Formerly mounted on a rod extending through the rolled 
back edge of the aluminum, each hinge is now mounted on 
a separate stamped bracket which is spot welded to the 
steel door before enameling. 





Substitute finally 


aecepted for 
aluminum ice-cube tray in Westing- 
house refrigerator is an all-rubber tray 
with a tinned wire inserted as a handle 


enamel pan. 


084. 





and backbone. Dessert tray of the re- 
frigerator has also been changed from 
aluminum to a standard size porcelain 





Removable evaporator shelf, formerly of aluminum 
as shown in the left view, is now made of copper electro- 
plated with tin. Switch to copper created an assembly 
problem which was solved by redesigning the shape of the 
shelf. In assembling, the flanges on the aluminum shelf could 
be easily bent by hand to make a perfect fit in the ice cubes 
compartment. A shell made of copper. brass or steel is too 
stiff to bend, so the part had to be made without high flanges 
so that it could easily be dropped into place. Formed grooves 
which were incorporated in the aluminum shelf for strength 
were not necessary in the copper shelf. 


SPECIFICATION PLATES and name plates 
on Westinghouse refrigerators were for- 
merly made of sheet aluminum 214x1% 
in. in dimensions, and weighing 0.0095 
lb. Tests made on possible substitutes 
showed that tinned steel plates were 
quite liable to rust, but tinned copper 
plates were satisfactory. 


TWINE FOR TYING END TURNS on re- 
frigerator motors was formerly made 
from high grade flax. When flax became 
dificult to obtain, Westinghouse re- 
search men reviewed all other possible 
materials and finally picked a high 
grade cotton twine which had little fuzz 
and high strength. 


NICKEL IS BEING ELIMINATED from re- 
frigerator finishes. Tin or cadmium 
plating is being substituted on. steel 
hardware, but cadmium plating can be 
used only where parts do not come in 
contact with foods. Where corrosion is 
a real hazard, nickel-chromium plating 
is retained, or a baked clear finish is 
applied over chromium plating. Gal- 
vanizing is being replaced by bonder- 
izing and baked enamel. 


CHINA has been substituted for stainless 
steel in the tops of Westinghouse water 
coolers. 
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FABRIC ATTACHMENTS -1 


Test Kesults and Specifications for Improved Lacing 


ODERN AIRPLANES are bet- 

ter performing, safer, and 

cheaper than those of ten years 
ago because a vast amount of study has 
been applied to materials, engines, fuels, 
structure, streamlining, and a thousand 
other details. But little attention has 
been devoted to the number-one load 
carrier, the wing covering. Wing assem- 
bly drawings faithfully specify each 
structural detail to the exact number of 
rivets, but frequently indicate fabric 
covering by a simple note such as 
“Cover and Dope,” leaving all details 
to the discretion of the cover and dope 
shop personnel. 

A recently completed research on the 
strength and properties of cover mate- 
rials and methods of their application 
and fastening has yielded much new 
information which makes possible the 
rational design of their more efficient 
attachment. The study was confined to 
the laced type of attachment using 
standard materials and the investiga- 
tion was resolved into the following 
main divisions: 

1. Strength of the component mate- 
rials, 

2. Factors which influence the 
strength of laced attachments. 

3. Most efficient design of the laced 
attachment. 

4. A convenient method for estimat- 
ing the strength of attachment required 
for any given airplane. 


Materials investigated were as follows: 


(a) Standard “Grade A” mercerized 
cotton airplane cloth—4 oz. per sq.yd. 
max., both warp and filling 80 lb. per 
in. tensile strength. 

(b) Lacing cords of 9-ply and of 11- 
ply linen with minimum strength of 59 
and 70 Ib.. respectively, in the unwaxed 
condition. 

(c) Standard reinforcing tape in va- 
rious widths used between fabric and 
lacing over ribs. 

(d) Finishing or surface tape made 
from grade HH balloon cloth predoped. 

(e) Finishing or surface tape made 
from Grade A airplane cloth, both pre- 
doped and undoped. 

(f) Nitrate dope—clear and_pig- 
mented. 

In analyzing the causes of cover 
failures it is a mistake to assume that 
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the materials in place on the airplane 
will show the same strength as that 
specified in the individual procurement 
specifications. Since the ultimate aim 
of all testing is the correlation of known 
properties of components to the per- 
formance of the complete structure, it 
is necessary to test each individual ma- 
terial under conditions simulating as 
far as possible the actual loading con- 
ditions existing in the airplane. It is 
then possible to estimate the strength 
of an assembly and predict the weak 
points. 

Let us consider first the Grade A 
cloth. It averages 80 to 90 lb. per in. 
width in the undoped condition. By 
application of six or seven coats of 
nitrate dope this strength is raised to 
approximately 125 lb. per in., or an 
increase of almost 50 percent. The 
tension in the cover caused by shrink- 
age in doping is approximately 15 to 
20 lb. per in. for average tautness. The 
maximum tension which is likely to be 
induced in a safe cover by air pressure 
during flight is approximately 70 lb. 
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Fig. 1—Conventional cover assembly in- 
cludes a reinforcing tape between the 
fabric and the lacing which more than 
doubles the strength of the cover cloth 
in resistance to tear by the lacing cords 


per in. The sum of these tensions (20 
plus 70), 90 lb., being considerably less 
than the strength of the doped fabric, 
it is concluded that no improvement is 
called for in the tensile strength of the 
standard Grade A cloth. The action of 
the dope, however, has just the opposite 
effect on the tear resistance, causing a 
reduction from 8 lb. undoped to 2.5 
lb. doped, or approximately 75 percent. 
These figures represent the average 
load required to continue a tear across 
either warp or filling as measured in a 
fabric testing machine. 

By analyzing the path of the loads 
passing from the cover on the upper side 
of the wing into the ribs, it will be 
seen that the fabric is stressed by the 
lacing cords in such a way that the 
critical avenue of failure is by tearing 
between lacing holes on opposite sides 
of the rib capstrip. As shown in Fig. 1, 
the conventional cover assembly in- 
cludes a reinforcing tape on the fabric 
over each rib, and against which the 
lacing cord bears in taking the load 
from the cover. This reinforcing tape 
more than doubles the strength of the 
cover assembly to resist pulling away 
from the lacing cords. Nevertheless, as 
will be pointed out later, the critical 
factor in this cover assembly with the 
reinforcing tape is its resistance to tear- 
ing at the lacing points. 

Lacing cord, 9-ply linen, which shows 
a tensile strength of 60 lb. in the fabric 
testing machine, will fail at a load of 
20 lb. in the typical cover assembly 
shown in Fig. 1. Tests to determine the 
causes of this reduction of 66 percent 
in the actual performance value of the 
material as compared to its design 
strength have been made on both the 
9-ply and 1l-ply linen cord of the 
standard lock-stitch-twist type, and also 
braided linen, braided cotton, cabled 
cotton, and _ lock-stitch-twist cotton. 
From the results of these tests, the fol- 
lowing conclusions as to the material 
and method of use most suitable for 
cover lacing have been derived: 

(a) The lock-stitch-twist linen cord 
is the best adapted to all around use in 
rib-sewing. Cotton is too weak, and 
braided linen too bulky. On account of 
its greater strength, 11-ply lock-stitch- 
twist linen cord is recommended in pref- 
erence to 9-ply. The slightly greater 
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size and weight of 11-ply is not consid- 
ered objectionable. 

(b) Linen cord should be hand 
waxed by pulling it four to six times 
over a block of beeswax before rib- 
sewing. Unwaxed linen cord will fray 
and ravel excessively during sewing. 
Impregnation with liquid wax, hot 
waxing, causes a reduction in strength 
of approximately 15 percent. Hand 
waxing decreases the strength approxi- 
mately 6 percent, which is not con- 
sidered serious in view of the other 
advantages. The four to six passes over 
the block of beeswax increases the 
weight of the cord about 10 percent. 

(c) The breaking strength of 9-ply 
59-lb., linen cord, without knots, under 
a sustained dead load is about 30 lb. 
The breaking strength of 11-ply, 70-lb.. 
linen cord, without knots, under sus- 
tained dead load is about 35 lb. Failure 
may occur within a few minutes or 
after several hours but it would be un- 
safe to rely on strengths greater than 
the above. 

(d) When a loaded cord passes over 
the edge of a supporting structure, mak- 
ing a 90 deg. bend, the developed 
strength decreases with decreased radius 
of the edge. In order to develop at 
least the dead load value of the cord, 30 
lb. for 9-ply and 35-lb. for 11-ply, the 
radius of the edge should not be less 
than 0.030 in. Failure in tests will 
occur almost invariably at the edge. 

(e) The presence of a knot in a 
loaded length of cord reduces the 
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Fig. 2—Bottom view of blow-off box showing close-up of the 
failed stitching after the test. The stitches failed at the tie-off 
knots which were at the side on the top surface—the least 


efficient position 
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strength to approximately 50 percent 
of its rated or nominal strength as de- 
termined in a fabric testing machine. 
This is due to friction and concentra- 
tion of stress. 

(f) The endurance strength of linen 
cord when tested for flexing over a 
pulley in the manner of a cable varies 
inversely to the amount of wax in the 
cord. This test is not relevant to wing 
covers but is indicative of the effect of 
hot waxing. The wax is believed to act 
as a lubricant between the fibers. 

(g) The abrasion or wear inflicted on 
hand waxed cord when passing through 
the fabric during rib lacing has a neg- 
ligible effect on its strength. 

Having accepted, let us say, 11-ply 
linen cord as the material for rib sew- 
ing, the designer should give careful 
consideration to the above factors af- 
fecting strength in order that the full 
realizable load carrying capacity of 
the cord may be developed when in 
place on the airplane. With this knowl- 
edge of the actual performance char- 
acteristics of the cord, and knowing the 
tensile strength and tear characteristics 
of ihe fabric, we are prepared to pro- 
ceed with an analysis of the laced type 
of cover attachment. 

In Fig. 1 is shown a cross-section 
through a typical rib with a laced cover 
attachment of the conventional as- 
sembly using “through” type lacing in 
which the stitch loop passes completely 
around the rib, with the stitch tie-off 
knot (one per stitch) placed at the 





side of the reinforcing tape. An alte>- 
nate and sometime preferable method 
of lacing is to pass the cord only around 
the capstrip instead of around the 
whole rib, as shown by the dot and 
dash lines in the illustration. This re- 
duces the length of loaded cord to such 
an extent that the elongation is neg- 
ligible, that is, the amount of elonga- 
tion of the cord produced by the air 
load on the upper surface will not be 
sufficient to permit the cover to leave 
the capstrip. However, the application 
of this type of lacing is more difficult 
and, in the case of solid web ribs, im- 
possible. When obstructions occur 
which prevent the needle being passed 
around the capstrip, the stitch must be 
made around the entire rib, thus intro- 
ducing undesirable variations in the 
continuity of the attachment. It is con- 
cluded that for general use the stand- 
ard continuous type in which each 
stitch around the whole rib is tied-off 
independently is the most satsifactory. 

In Fig. 3 the cover is shown dis- 
torted, somewhat exaggeratedly, as 
would result from the air pressure in 
flight. It is evident that the fabric is 
more severely stressed on the upper 
surface because there the reaction is 
concentrated at the cord crossing the 
capstrip, whereas at the lower surface 
the fabric is pressed against the cap- 
strip over its full length, causing no 
load in the lacing cord, this in addition 
to the fact that the negative pressure 
(induced lift) on the top surface 
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Fig. 3—In flight the air pressure distorts the covering, 4s 
shown above exaggerated. Negative pressure on the upper sur- 
face tends to lift off the fabric; positive pressure on the 


lower surface presses the fabric against the capstrip 
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Fig. 4—A simple and inexpensive apparatus, called blow-off box, for testing wing 
cover fastenings under conditions simulating flight service. The drawing above gives 
the details of its construction; the picture shows a cover under test. Note the curva- 
ture of the lines caused by the cover being bulged between the ribs by the pressure 
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greatly exceeds the positive pressure on 
the lower surface. The load per lacing 
stitch due to the negative pressure on 
the top surface is calculated as follows: 


Stitch load = rx pxs 
where r=rib spacing in inches 


p = ultimate design pressure on 
upper surface in lb. per 
sq. in. 


s = stitch spacing in inches 
stitch load 


The load per single cord = 9 


At each stitch the stitch load acts to 
either tear the fabric across the cap- 
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strip and between adjacent stitches or 
to break the lacing cord, depending on 
which is critical. The only satisfac- 
tory method of isolating each factor and 
disclosing which part of any complete 
assembly is weak, and of determining 
how to strengthen the weak points, is 
to actually test the cover assemblies 
under conditions simulating flight 
service. 

Tests on a complete wing are im- 
practicable due to the expense and dif- 
ficulty of sealing-off to control the ap- 
plied air pressures. A simplified and 


inexpensive set-up which has proved to 
be entirely satisfactory for this pur- 
pose is shown in Fig. 4. This arrange- 
ment consists of a rectangular wooden 
box about 5 in. deep with a rib cen- 
trally secured along the long axis. The 
rib contains openings to permit equal- 
ization of pressure on both sides. The 
distance from the rib to the sides of the 
box corresponds to the rib spacing of 
the airplane wing represented. The 
ratio of the length of the box to the rib 
spacing should not be less than 7 and 
should be such that the support sup- 
plied to the fabric by the ends is neg- 
ligible over the middle half of the 
length. 

Grade A airplane fabric is applied 
over the top, tacked to the sides, and 
attached to the rib by the particular 
method of lacing which it is desired to 
study. The covered box is then dope 
finished, including the application of 
surface tape over the lacing, the same 
as for a wing. An airtight cover is 
screwed or clamped to the bottom of 
the box, thus producing a pressure 
chamber. Air pressure is introduced 
through an air line connection on the 
side and the resulting pressure is meas- 
ured by means of a mercury manome- 
ter. A strong wooden frame of the 
same inside dimensions as the pressure 
box is secured firmly by clamps on top 
of the fabric in order to prevent bulg- 
ing of the surface beyond the inside 
edges of the box. Thus the conditions 
created by the negative air pressure 
on the top surface of a wing in flight 
are simulated. During the test, the 
pressure is introduced gradually until 
failure occurs, at which time the height 
of the manometer column is read and 
recorded. 


Pressure Tests of 
Laced Attachments 


Over one hundred blow-off tests were 
made as part of the investigation, the 
majority of which were based on the 
use of a % in. wide capstrip, a rib 
spacing of 6 in. and a stitch spacing of 
1 in. The conventional laced cover as- 
sembly shown in Fig. 1 was found to 
fail consistently at a pressure of about 
6.3 lb. per.sq.in. which, with 6 in. rib 
spacing and | in. lacing spacing, cor- 
responds to a stitch strength of 38 lb. 
or a developed cord strength of 19 lb. 
Failure occurred by tearing of the 
fabric across the capstrip between lac- 
ing holes of the same stitch and parallel 
with the capstrip between adjacent 
stitches. All the 1l-ply lacing cords 
were intact, indicating that they had 
not been stressed up to 30 to 35 Ib., 
their critical strength. 

As a means of strengthening the weak 
point in the cover assembly, that is, the 
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tear resistance of the fabric over the 
capstrip, a new cover was assembled in 
which a strip of Grade A fabric with 
pinked edges, that is, edges cut wavy, 
was applied between the cover and the 
regular reinforcing tape. In this as- 
sembly the lacing passes through two 
thicknesses of Grade A fabric instead 
of one. The method of lacing, includ- 
ing the position of the knot, was the 
same as for the conventional method. 
This assembly failed at an average 
stitch load of 41 lb. by failure of the 
cords at the knots accompanied by some 
tearing of the fabric. The improve- 
ment was about nine percent over the 
conventional method, but the developed 
cord load of 20.5 was still far short of 
the 30 lb. known to be obtainable. Ex- 
amination of failed specimens _indi- 
cated that stress in the cord was con- 
centrated at the knot on the side of 
the reinforcing tape and also that the 
knot bearing on the fabric tended to 
enlarge the lacing hole and start a 
tear. It was concluded however, that 
the Grade A strip, called the anti-tear 
tape, between the cover and the rein- 
forcing tape, was an efficient reinforc- 
ing member and should be retained as 
part of an improved assembly. 

In order to relieve the load on the 
tie-off knot, the reinforced cover was 
assembled with the knot placed along 
the center line of the reinforcing tape 
instead of at the side. This assembly 
failed at an average stitch load of 56 
lb., or a developed cord load of 28 Ib., 
representing a total improvement of 
about 47 percent over the conventional 
assembly, which was still somewhat 
short of the possible 30 lb. Failure was 
by rupture of the lacing at the tie-off 
knots. It was noted during tests of 
these last assemblies that the cover 
raised from the capstrip and allowed 
the cord to squeeze the reinforcing tape 
and in general to disturb the position 
and fixity of the tie-off knot. 

To overcome this, a reinforced cover 
was assembled with the tie-off knot 
placed along the middle of the bottom 
capstrip where it would not be dis- 
turbed when under load. In the test 
box it was necessary to cover the bot- 
tom surface the same as the top in 
order to obtain the benefit of the cement- 
ing and fixing action of the dope on 
the knot. This assembly, shown in Fig. 
5, failed at an average stitch strength 
of 60 lb. showing an improvement of 
almost 58 percent over the conventional 
assembly. The developed cord load of 
30 Ib. equalled the maximum that 
could be expected and failure occurred 
in both the cord and fabric, indicating 
that neither was critical compared to 
the other. One other feature of the 
last two reinforced assemblies which 
contributed to their increase in eff- 
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ciency was the fact that the standard 
reinforcing tape was applied and se- 
cured under initial tension, approxi- 
mately 20 lb. It was found that this 
initial tension reduced the distortion 
of the cover between stitches when un- 
der pressure, thus providing a more 
uniform reaction for the cover. 

Thus, it is conservatively estimated 
that a laced wing cover attachment re- 
inforced and assembled as for the last 
test described above, should show ap- 
proximately 50 percent increase in 
strength over the conventional type. It 
may be observed that this increase is 
obtained with negligible increased 
weight as represented by the use of 
1l-ply cord and the 14% in. wide Grade 
A anti-tear strip over the top capstrip. 

The investigation was continued to 
obtain data on other factors affecting 
the strength of the attachment so that 
strengths could be calculated for other 
designs differing in detail. It was dem- 
onstrated that the strength is directly 
proportional to the closeness of the 
stitch spacing within the range of 14 
in. to 4 in. A stitch spacing greater 
than 4 in. is not recommended, how- 
ever light the load. In places where ex- 
traordinarily high attachment strength 
is required, such as at a rib adjacent 
to a large gap caused by the presence 
of a tank, it may be obtained by sub- 
stituting a light metal strip in place of 
the standard reinforcing tape and rib 
sewing with a double stitch in place of 
the single. If the metal reinforcing 
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Fig. 5—This assembly failed under test 
when the average stitch load reached 60 
lb., an improvement of almost 58 percent 
over the conventional assembly 





strip is regarded as objectionable, deu- 
ble reinforcing tape may be used in- 
stead. 

The strength values noted above were 
obtained with the use of %-in. wide 
reinforcing tape over ribs with 1-in. 
wide capstrips. The attachment strength 
obtainable with narrower tape over 
narrower capstrips will be somewhat 
less. Another detail of refinement 
which contributes to a more efficient 
attachment is the introduction of initial 
tension in the lacing cords during lac- 
ing. This is accomplished by tighten- 
ing each stitch-loop to a tension of 3 to 
10 lb. and holding the tension until thé 
tie-off knot is secure. This results in 
a firm hold-down which tends to pre- 
vent lifting of the cover from the cap- 
strip during flight. Initial tension does 
not decrease the load carrying ca- 
pacity of the cord because additional 
stress is not introduced until the orig- 
inal has been exceeded. Those respon- 
sible for this work should investigate 
the bending strength of the capstrips 
to assure that the loads induced by 
initial lacing tension will not impair the 
strength of the rib. 

Too much emphasis cannot be placed 
on the necessity for uniformity in all 
details of the laced attachment. Due 
to the elastic nature of the materials, 
an excessively tight stitch, or a normal 
stitch adjacent to slack stitches, will re- 
ceive considerably more than its proper 
share of the load and thus cause failure 
to occur at much less pressure than 
anticipated. With this purpose in view 
it is recommended that the lacing be 
started usually just aft of the front 
beam, with a stitch of double strength, 
that is, a stitch made with two loops 
of cord around the rib. 

It was found to be more efficient to 
apply the anti-tear tape, with very 
slight tension, on a wet coat of dope 
brushed either over’ the’ whole surface 
or only along the capstrips. Having the 
anti-tear tape cemented to the cover 
before lacing greatly simplifies the 
mechanics of finding the awl holes 
with the lacing needle. Awl holes 
punched through the anti-tear tape and 
the cover should be placed as near as 
possible to the capstrip to relieve un- 
necessary tearing strain on the covet. 
In all places where the cover is likely 
to be subjected to hard wear, such as 
flying gravel, being walked on, etc., it 
is recommended that Grade A surface 
tape be used over the lacing instead of 
the tape made from HH balloon cloth. 


Epiror’s Note: In the concluding 
article, which will appear in December 
P.E., the author presents a graphical 
solution for determining stitch spacing 
and summarizes the recommended prac 
tice for applying wing coverings. 
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Failure of porcelain enamel in this piece was caused by 
improper design of the cutout in the flange. The sharp, right- 
angled cutout weakened the flange and consequent chipping 
or hairlining was started in the corner. Corners of all cut- 
outs in porcelain enameled sheet steel should be well rounded. 
In designs where flange notches or cutouts cannot be avoided, 
corners of openings should be rounded with 14 in. or larger 
radius in order to add strength to resist flexing. 
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Rollers on the sliding cockpit inclosure of a recent air- 
plane were wearing out after only a few months’ service. 
Since the loads imposed on the rollers were light and the 
frequency of inclosure operation was negligible, the wear 
was traced to vibration. The rollers were of stainless steel 
while the bushings were oil impregnated porous bronze. 
Changing to a special ball bearing roller as shown proved 
to be the most satisfactory solution. 
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Broken lecomotive axle was 
caused by stress-corrosion fatigue cracks 
which developed under reversing stresses 
in the axle. Cracks started about 1 to 
%4 in. inside the wheel fit in a band of 
corrosion. They started in several places 
and joined as they grew. There also is 
a deep fatigue crack which started in 
score marks in the fillet at the change 
of section between the journal and the 
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Fatigue crack 

extending part way 
around shaft started 

' in rough machined 

Fillet 

mi 


wheel fit, but the corrosion cracks were 
probably the primary cause of the fail- 
ure. Cure for this condition was to 
undercut the surface of the fit about 
1% in. from the hub face inside the fit. 
This undercut, about % in. wide and 
0.005 to 0.010 in. deep, with smooth 
finish, prevents corrosion of the surface 
at the undercut and thus reduces the 
possibility of stress-corrosion cracks. 


SEIZURE OF ENGINE PISTONS is often 
experienced under border-line condi- 
tions of lubrication during run-in 
periods. Caustic sulphide solution is 
used at Caterpillar Tractor Company 
to etch the inside surface of diesel 
cylinder liners after they have been 
honed accurately to a mirror finish. 
Carefully controlled etching process 
using suitable agents produces a non- 
metallic and non-abrasive surface which 
is only a few ten-thousandths of an inch 
thick, however, it is claimed that this is 
enough to prevent seizure. 


COOLANT LINE from a booster pump to 
a tank at a somewhat higher level in 
a machine tool was not delivering a 
sufficient volume of oil at the required 
pressure. First plan was to redesign 
the booster pump to give greater output. 
A simpler solution was to change the 
coolant line design. Original piping 
with two standard 90-deg. elbows was 
replaced by a curved tube having a 
large radius which offered sufficiently 
less resistance to coolant flow that the 
oil delivery was brought up to specifi- 
cations. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 
clude drawings, rough sketches or photographs. 
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DETERMINING SPRINGBACK-—II | 
Calculating Die Radius to Bend Desired Curve 


R. G. STURM, Aluminum Research Laboratories 
B. J. FLETCHER, Development Division : 

















a PE - 


| | PON release of the pressure ap- 

plied to bend a sheet or struc- 

tural section, the member 
springs back to relieve the residual 
stresses. The forming radius of the die 
or block must therefore be modified to 
compensate for the springback so that 
the final curvature will be to the radius 
desired. In Part I of this article (Octo- 
ber P. E.) the equations and methods of 
procedure for making such calculations 
were developed. In this installment the 
actual step by step calculations for a 
given example are presented in order to 
further clarify the procedure. 

To perform the springback calcula- 
tions both the tensile and the compres- 
sive stress-strain curves of the material 
to be bent must be used. Six typical 
curves are given in this article. The 
problem selected for the example is as 
follows: 

It is desired to form a channel-shaped 
member bent from Alclad 24S-T sheet 
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Figs. 6 and 7—In the trial computations by the General Method, the shift of the neutral 
axis is assumed and the cross-sectional area is divided into components as shown 


Using stress-strain curve, Fig. 10 
fi: = 53,000 Ib. per sq. in. 
































be bent. The die radius is calculated in the example given 
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sion side due to difference in stress- 
strain curves. See tabular computations. 














practically 121.0 in. For this section 4 
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0.050 in. thick to a final radious of 240 f2 = 50,000 Ib. per sq. in. 1 1 SAfe f 
in., shown in Fig. 5. The radius of the 1 1 ers —* = er ‘ 
forming block which will give the neces- Ri Re E(a +o) ¥ ti 

| sary allowance for springback is re- ase + 12,160 

| quired. As shown by the curves in Fig. 2 ean + 103,000 R, 241.5 9,600,000 x 0.319 

i 10 the tensile and compressive stress- Ri 241.5 — 9,600,000 x 3.00 = 0.00414 + 0.00397 = 0.00811 

strain curves of the material are not = 0.00414 + 0.00358 = 0.00772 R, = 123.3 in. 

equal. R, = 129.5 in. ; “ : 

Approximation of forming radius: Checking R, by the General Method: Note that Af does not balance for ten- te 

. sion and compression and R, calculated 
Rz = 241.5 in. ; FIRST TRIAL does not agree with R, assumed. . 
’ - a’ noe in. per in (See Fig. 6) , 
| ee — . . . 
I = 0319 in! Assume R, = 129.5 in. and that the SECOND TRIAL 
E = 9,600,000 Ib. per sq. in. for Alclad neutral axis shifts 0.10 in. toward ten- (See Fig. 7) is 
Assume R,=123 in. and the neutral A 
axis shifts 0.05 in. toward tension side. V 
| tr ~ A+ Seetabular computations. lV 
| oy || 7 FIG.5 R 17 
iW | Sata ES 24 
| : >' % 9 
| Ss . R: EI 2 
ae 3,30 oe 
R, 241.5 9,600,000 x 0.319 Al 
| = 0.00414 + 0.00402 = 0.00816 Al 
t R, = 122.5 in. Al 
This checks with assumed shift of 7 
neutral axis and R,, the assumed form 53 

i ing radius. 61: 

i Therefore, the radius of the face of a 

i ‘ the forming block in contact with the of 

\ compression flange of the channel | 

Ta Fig. 5—Showing the dimensions of a channel member and the radius to which it is to should be 122.5—1.55=120.95 in. oF | 
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TABULAR COMPUTATIONS FOR INTERNAL FORCES AND MOMENTS—FIRST TRIAL 

















Area A Dist. d Strain e Stress f x Af Zz Afe 
Section sq. in. in. in. per in. Ib. per sq. in. lb. in.-lb. 
TENSION 
RRP ee ee 0.05000 1.33 0.01060 52,500 2,625 3,610 
ree: «te 0.03375 0.012 0.00780 51,500 1,730 1,760 
AEP OAS: RURSES o e 0.03375 0.337 0.00261 24,600 830 280 
5,190 
COMPRESSION 
RS Se See ree a - 0.03875 0.387 0.00299 30,000 1,160 450 
Ree eee 0.03875 1.162 0.00900 47,000 1,820 2,120 
BN starches ict eroartahens ail 0.05000 L.Sio 0.01220 50,000 2,500 3,940 
5,480 
ESS OR See oar eee 0.24500 12,160 





TABULAR COMPUTATIONS FOR INTERNAL FORCES AND MOMENTS—SECOND TRIAL 























Area A Dist. d Strain e Stress f = Af = Afe 
Section sq. in. in. in. per in. Ib. per sq. in. Ib. in.-lb. 
TENSION 
ee Ore a 0.0500 1.425 0.01160 53,000 2,650 3,780 
ES ere 0.0350 1.050 0.00850 52,000 1,820 1,910 
ER aan 0.0350 0.350 0.00285 27,000 950 330 
5,420 
COMPRESSION 
ee eee 0.0375 0.375 0.00305 30,500 1,140 430 
RS ea ee 0.0375 i225 0.00915 47,000 1,760 1,980 
ee eee 0.0500 1.525 0.01240 51,000 2,550 3,890 
5,450 
Totals...... 0.2450 12,320 





flexible mandral fitting the inside of the 
channel must be used to prevent dis- 
tortion of the flanges during bending. 


Accuracy of the Method 


The accuracy of the estimate of 
springhack is dependent on several fac- 
tors including the degree to which the 
stress-strain curve used represents the 


actual stress-strain characteristics of 
the material being formed, and allow- 
able variations in the physical prop- 
erties within specification limits. An- 
other factor affecting the accuracy is 
the variation in dimensions of sheet or 
shapes within commercial tolerances. It 
is desirable to select a_ stress-strain 
curve taken on the same commodity 
as the member to be formed, that is, 


thin sheet, thick sheet, extruded shape 
or rolled shape. However, the variation 
of properties between different com- 
modities is usually not great and for 
some alloys may have less effect on the 
accuracy of prediction than do dimen- 
sional tolerances. 

If an appreciable amount of cold 
work is performed on the member dur- 
ing its production, the stress-strain 


SPECIFICATION NOMENCLATURE FOR ALUMINUM ALLOYS 











A.C.0.A.* Commodity Federal ** Army ** Navy** S.A.E A.S.T.M 
17 ‘ ai ia a i ies ‘a a, si ~ sa a 
ee . . Sheet QQ-A-353 Federal ATA3 26 B78-36T 
178-T . .. Extrusions QQ-A-351 Federal 46A4 26 B89-36T 
248-0 | 
or . Sheet QQ-A-355 Federal 47A10 Sr ree 
4S-T.... .. Extrusions QQ-A-354 Federal 46A9 mee” Xe Smee 
Be 

4S-T . . Sheet -A-362 11067 ee lie es 2. eee 
AL24S-RT 2 ' 
528-0) . ™ ‘ 
52S-4H_ .. Sheet QQ-A-318 Federal 47A11 210 B109-36T 
3S-T . .........Extrusions QQ-A-331 Federal eee, oe (ae ae 
61S-T . 0 ee ree .. aaa aw tere yaw 








of temper designations. 
Revision not indicated. 
f Air Corps Specification. 


*See booklet ‘Alcoa Aluminum and Its Alloys, 


Refer to latest issue. 


’’ 1940, published by Aluminum Company of America, Pittsburgh, Pa., for explanation 
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curves for tension and compression may 
be slightly different. This applies to 
intermediate tempers of common. al- 
loys and to heat-treated sheet which is 
stretched during the flattening or 
straightening process. 

It should be noted that the stress- 
strain curves given represent tests on 
individual samples of material. They 
have been selected as representative 
samples of the alloys and commodities 


noted but they may show slight varia- 
tions from the values of yield strength 
generally accepted as the average for 
these alloys. It is believed that these 
variations will have no practical effect 
on their usefulness in estimating spring- 
back. 

The following stress-strain curves 
were determined at room temperatures 
for aluminum alloys common in air- 
craft construction. The curves B and C 





give strains for tensile and compressive 
stresses over a limited range of striin, 
Curve A gives tensile strains up to the 
ultimate strength of the material plotted 
to a condensed scale to conserve sp ice. 
Alloy designations and published speci- 
fications describing them are given in 
the table on the preceding page. 

The same equations and procedures 
can be applied for determining spring. 
back for other elastic materials. 
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Fig. 10—Stress-strain curves for 24S-T and Alclad 24S-T sheet 
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Fig. 11—Stress-strain curves for 24S-RT and Alclad 24S-RT sheet 
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AUTOMOTIVE DESIGNS — II 


Controls and Transmissions in the 1942 Models 


AtL THE NEW CONTROLS whether ap- 
plied to a simple or to a complicated 
design of transmission are simple in 
operation. The general pattern of con- 
trol for the new automatic transmis- 
sions and “Fluid Drives” is practically 
the same; the results are where they 
differ. Pre-selection of some kind is 
always provided so that a choice of 
driving range is made before the car 
js started. 

Except those Hydra-matic equipped, 
the driving range on all cars is obtained 
by shifting the conventional underwheel 
lever into the nermal high speed posi- 
tion. In all these cars the same gear 
shift lever is used with either conven- 
tional control or automatic gear shift- 
ing arrangement, 

Automatic shifting transmissions 
have one or more friction clutches, 
which are either automatically con- 
trolled or operated by a conventional 
clutch pedal. The Hydra-matic trans- 


missions have two friction disk clutches 
and three planetary speed changing 
brake bands; all these are hydraulically 
controlled by a governor so that no 
clutch pedal is required or supplied. 
All other cars have some type of 
gear box that requires shifting. To 
shift gears while the car is standing 
still means a savage clash even with 
the synchronizing devices now used, 
unless the clutch is disengaged so as 
to stop the rotation of the gears on the 
driven side of the gear train. For that 
reason a clutch pedal is provided so 
that pre-selection of driving range can 
be made before the car is started up. 
The only exception to this is found on 
the Studebaker cars with “Fluid 
Drive,” on which instead of a clutch 
pedal a vacuum clutch control is pro- 
vided, so that when the engine is idling 
with closed throttle the clutch will be 
disengaged. This of course gives “free 
wheeling” whenever the accelerator 


pedal is released, therefore, a solenoid 
operated valve controlled by a car 
speed governor prevents the disengage- 
ment of the clutch when running about 
17 m.p.h. The solenoid valve, of 
course, does not operate on the low 
and reverse speeds so the clutch is 
always disengaged when the accelerator 
is released under these conditions. 
“Sucker” clutches, although not 
new, are being used by Hudson, Pack- 
ard (without “Fluid Drive”) and 
Studebaker (with “Fluid Drive”). 
The outstanding difference between the 
early vacuum operated clutch and 
those in use today is the employment 
of electric car speed governors to pre- 
vent “free wheeling” when in high 
speed gear position above some mini- 
mum car speed, which is 17 m.p.h. 
with Studebaker, 17 m.p.h. with Pack- 
ard and 19 m.p.h. with Hudson. An 
interesting development is the use of 
clutch controls which utilize the vari- 


Gear Ratio Transmission Data for 1942 Passenger Cars 





































































































Engine Overall Overall Overall Gear Ratios 
Revolutions Gear Ratio Gear Ratio Std. Gear Box Automatic Transmissions 
Per Mile Top Speed Starting Gear 
Name of 
Car With With With With With With 
Std. Fluid Std. Fluid Std. Fluid 3rd 2d Low 4th 3rd 2d Low 
Drive Drive |Drive Drive Drive Drive - 

Cadillac 461-3 | 2715 2420 ye § 3.36 9.00 10.97 3.71 5.% 9.00 | 3.36D 4.85 7.59 10.97 
#67 2925 2580 A270 377 10.20 12.31 4.27D 6.53 10.20 13.77 5.45 8.52 12.30 
Chrysler 6 | 2870 2600 3.90 3.54 10.02 5.49 3.90D 7.14 10.02 | 3.54D 5.49 7.01 10.87 
8 | 2797 2410 3.90 3.20 10.02 ir 4 | 3.90D 7.14 10.02 | 3.36D es | .65 10.31 
DeSoto 6 | 2870 2600 3.90 3.54 10.02 5.49 3.90D 7.14 10.02 | 3.54D 5.49 7.01 10.87 
Dodge 6 | 3050 3200 4.10 4.30 10.54 4.30 4.10D 7.50 10.54 | none 4.30D 7.87 11.05 
Hudson 6 | 3529 3777 4.55 4.87* | 13.10 8.86* | 4.55 8.28 13.10 | 3.500D 4.87D 8.86 14.00 
8} 3025 3349 4.11 .55* | 11.84 8.28* | 4.11 7.48 11.8413.280D 4.55D 8.28 13.10 

Lincoln V-12 | 3027 22310D | 4.22 mo) 10.32 8.08 4.22D 7.68 10.32 | 3.110D 4.44D 5.660D 7.240D 
8.08 10.32 
Mercury V-8 | 2639 2639 3.54 3.54 11.02 6.48 3.54D 6.27 11.02 | none 3.54D 6.48 11.02 
Oldsmobile 6 3071 2921 41.10 3.42 10.93 iz .55 1.10D 6.81 10.93 | 3.42D 1.93 8.65 13..53 
8 | 2937 2724 3.90 3.63 10.41 12.29 3.90D 6.47 10.41 | 3.63D 5.23 9.18 12.29 
Packard 6 | 3229 2463 4.30 3.28* | 10.44 4.55* 1.30D 6.57 10.44 | 3.280D 4.55 6.96 11.04 
8 | 3079 2328 4.10 3.10* 9.95 4.30* | 4.10D 6.27 9.95 | 3.100D 4.30 6.57 10.44 
Studebaker 6 | 3039 2446 4.09 2.95 11.01 4.56 1.09D 6.34 11.01 | 2.950D 4.56 7.07 Li.F2 
8 | 2973 2388 1.09 2.95 11.01 4.56 1.09D 6.34 11.01 | 2.950D 1.56 7.07 11.72 


























0.D.— Overdrive 


D — Direct Drive 


+ * . . . . 
Cars listed under “Fluid Drive” that have vacuum operated clutches not “Fluid Drives’ 


a 
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able vacuum on the release side of the 
clutch control unit. This has the ef- 
fect of a dash-pot so a clutch can be 
disengaged instantly but cannot be 
suddenly reengaged. Thus it is possi- 
ble to step on the accelerator slowly or 
suddenly yet the clutch will not grab 
and jerk the car. Hudson also has a 
cork insert clutch disk running in oil. 
This helps smooth out the vacuum 
operated clutch action on these cars. 

All the rest of the cars have some 
type of “fluid flywheel,” so that when 
the car is running the slip between the 
two flywheel units permits quiet shift- 
ing of gears without disengaging the 
friction clutch. 

Naturally on a close coupled “fluid 
flywheel” there is a slight tendency for 
the car to “creep,” when the engine is 
idling and it may be necessary to hold 
the brake on to prevent this action. 
This is the advantage claimed by Pack- 
ard and Hudson for their positive drive 
versus the “Fluid Drive.” Studebaker 
claim they add the vacuum clutch to 
their “Fluid or Turbo-matic” drive to 


prevent this creep. Cadillac and Olds- 
mobile both have hydraulically oper- 
ated clutch controls to prevent creeping 
when the car is standing and engine 
idling. 

The “Fluid Drive” with its inherent 
slip permits the engine speed to be 
brought up to the maximum torque 
point when the car is just starting to 
move. This makes it possible to obtain 
nearly twice the torque at the rear 
wheels as would be obtained with a 
friction clutch operating as smoothly. 
Therefore it is possible to start in a 
higher gear ratio with a “fluid coup- 
ling” drive than with a conventional 
drive. This advantage makes it pos- 
sible to start and to drive a large part 
of the time in high gear. Dodge starts 
with a 4.30 to 1 ratio, Studebaker with 
a 4.56 ratio; Chrysler and DeSoto with 
5.49; Mercury with 6.48 and Lincoln 
with 8.08. Packard, without such a 
coupling starts in high with a 4.55 or 
4.30 to 1 gear ratio and Hudson with 
8.86 or 8.28 to 1 second speed ratio. 

To get the best results from cars 


with a “fluid coupling” it is necessary 
to carry a higher gear ratio than with 
a conventional three speed transmission 
set up. Since there is from 5 to 15 
percent slip with a fluid flywheel the 
top gear ratio should be approximately 
15 percent higher than the conventional 
top gear ratio if the same economy in 
gas and oil is to be obtained. Cadillac 
for example step it up 13 percent, 
Chrysler 10 percent on the six and 17 
percent on the eight, Lincoln 36 per. 
cent: because they have a lower starting 
gear than the conventional high, Olds. 
mobile have 20 percent on the six and 
7 percent on the eight while Stude. 
baker have a difference of 39 percent, 
The differences, generally, are deter. 
mined by the type of unit used in the 
drive. It is to be noted that Cadillac, 
Chrysler, DeSoto, and Oldsmobile all 
have so-called “underdrives,” that is 
they are direct in fourth speed and 
drop down to an indirect gear for 
third speed. The other cars all use an 
“overdrive” fourth and a “direct” 
third, in which the difference between 


Clutch and Transmission Data for 1942 Passenger Cars 



















































































Friction Clutch Forward Spec. Gear Shift Type-Gear 
Operation Speeds Method Box Plane- 
Name of Fluid Di- tary Name of 
Car Drive Three | rect Three} Four] 4 Car 
Vacu-| No Unit Four | Over- | Third | Torque] Vacu- | Hy- |Speed | Speed | Speed 
Pedal| um | Pedal Direct } drive Reac- um_ | draulic]| Slid- ons. 
Fourth | Fourth tion Shift | Shift ing | Mesh 
Americar.......| Std. Extra | Std. | Extra Std. Americar 
eee Std. Std. Std. Buick 
Cadillac........]| Std. Extra] Extra Extra Std. Extra | Std. Extra] Cadillac 
Chevrolet. ..... Std. Std. Std. Std. Chevrolet 
Chrysler....... Std. Extra Extra Std. Extra Std. | Extra Chrysler 
DeSoto........ Std. Extra Extra Std. Extra Std. | Extra DeSoto 
[0 eee Std. Extra Std. Std. Dodge 
Ford Bn ies Std. Std. Std. Ford 
Hudson........ Std. | Extra Std. | Extra | Extra Std. Hudson 
Lincoln, ....... Std. Extra Extra | Std. | Extra | Extra Std. Lincoln 
Mercury....... Std. Extra Std. Extra Std. Mercury 
Nash-600 Std. Std. Std. Nash-600 
Proposed Prop. Prop. 
Nash-Amb..... Std. Extra Extra | Std. | Extra Std. Nash-Amb. 
Oldsmobile. ... . Std. Extral Extra Extra Std. Extra | Std. Extra} Oldsmobile 
Packard........] Std. | Extra Extra | Std. | Extra Std. Packard 
Plymouth. ..... Std. Std. Extra Std. Plymouth 
Pontiac. ......- Std. Std. Std. Pontiac 
Stude-Champ...| Std. Extra | Std. | Extra Std. Studebaker 
Stude-Comm. 8. 
Pres. Std. | Extral| Extra| Extra Extra | Std. | Extra Std. Studebaker 
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direct and the fourth is much greater. 

Lincoln and Packard can be locked 
in second and operated with the “over- 
drive.’ Packard recommends this for 
trafic driving. This is a feature not 
obtainable on the other cars. 

“Fluid Drives” also cushion the 
torque reversals which are caused by 
road conditions and variations of the 
throttle —_ position. With “friction 


clutch” drives every time the car is 
slowed up with the throttle, the car 
starts to drive the engine and vice 
versa. The shock loads caused by 
these torque reversals are magnified by 
any play in the gears and in the 
splines of the driving train. The cush- 
ioning effect of a “fluid coupling” 
makes it possible to maintain quiet 
operation with wider tolerances in fits 


and keeps the driving train quieter 
during its normal life. This is one 
advantage of the new drive. 


Epitor’s Note: For contributing data 
from which this review was prepared 
the editors acknowledge their apprecia- 
tion of the valuable cooperation of 
Chester S. Ricker, Technical Counsel, 
McCann-Erickson Incorporated. 


Additional Design Features in 1942 Models 


























Better action and easier control 
is accomplished by a change in clutch 
finger ratio and in the method of driving 
the clutch pressure plate in the 1942 
Hudson. In the new construction, the 
pressure plate is driven by three driving 


lugs anchored in the clutch cover. In 
the former design pressure plate slots 
engaged driving pins attached to the fly- 
wheel. Another detail contributing to 
improved clutch action is the clutch 
pedal control linkage. The position in 


which the adjusting link connections 
are made with the clutch shaft end lever 
and the cross shaft lever has been 
changed on the various models. The 
new arrangements and combinations are 
as shown in the sketches above. 





SINCE A HIGHLY FINISHED SURFACE on 
spring leaves is not practical, different 
devices to keep the leaves separated 
have engaged the attention of engineers 
for many years. Buttons of various met- 
als, ball bearings and elaborate com- 
position liners have been used by differ- 
ent companies, some with and some 
without spring covers. Pontiac engi- 
neers have adopted thin wood strips be- 
tween the leaves, the wood liners pre- 
venting metal to metal contact. With 
wood liners interleaf friction, necessary 
to Proper damping of the spring, is 
maintained. Hardwood strips ye in. 
thick were selected for the three upper 
leaves and %g in. thick for the fourth 
leaf. Each strip extends 1% in. beyond 
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the ends of the leaf it protects and is 
thoroughly impregnated with oil before 
it is assembled. Metal covers are re- 
tained to keep lubricant in place and to 
keep out dirt, mud, slush and water. 
Springs fitted with these liners and 
sealed with regular spring covers have 
completed 20,000 mi. without squeaks. 


FUEL ECONOMY of twelve to eighteen per 
cent over last year’s models is claimed 
for the new *42 Packards, almost solely 
due to the slip stream clipper styling. 
Based on intensive engineering tests, 
wind resistance is 19 per cent lower, 
wind noise has been reduced to 21 per 
cent and handling is much improved, 
particularly in side winds. It is inter- 


esting to note that these tests were made 
on full scale models and involved the 
design of special measuring and testing 
equipment. Fenders are faired into the 
body and there is a 59 degree angular 
rake on the windshield. 


GREATER QUIETNESS in the Hudson 
valve-operating mechanism has been 
obtained by a change in clearance of 
camshaft journals in their bearings in 
the crankcase. The clearance of all cam- 
shaft bearings of both six and eight- 
cylinder engines has been cut down to 
0.001 to 0.0025 in. Running clearance 
formerly given these bearings ranged 
from 0.002 to 0.0035 in. 


(Continued on next page) 
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Automotive Designs — (continued) 
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As an extra preeaution against drops of water or anti- 
freeze getting into the water pump ball bearing, a second 
seal has been added in the 1942 Pontiacs. Seal consists of a 
slinger pressed on the shaft between the water pump rubber 
seal and the ball bearing. Spinning at relatively high speed, 
this slinger picks up any stray drops of moisture which may 
get past the rubber seal and throws them into a circular sur- 
rounding groove. 
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To prevent sticking of float valve pin, dual carbu- 
retors on the 1942 eight-cylinder Pontiac cars have been 
fitted with a wire link which ties the float valve pin to the 
float lever. When the float drops it pulls the float valve pin 
down instead of depending on weight to cause it to drop and 
open the fuel passage. Even with slight deposits of gum on 
the valve, this positive action is usually enough to cause the 
pin to function properly. 
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Improved transmission operation with the new Hud- 
son Drive-Master has been obtained by use of a second and 
high shift rail having a milled section at the front end. A 
screw assembled into the side of the transmission engages 
in the cut out in the rail and acts as a positive stop for the 
rail when shifting into second or high gear. A lock washer 
is assembled under the screw head to prevent the screw from 
bottoming in the rail. 
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Needle roller bearings in the center steering arm are 4 
further refinement made in the Hudson front suspension sys 
tem. In the new arrangement, two compact needle roller 
bearings at the pivot bolt mounting replace the double row 
ball bearing formerly used at this point. This change makes 
for a more substantial arm mounting requiring less mainte- 
nance attention. As heretofore, the bearings are packed in 
grease at assembly and no lubrication attention is needed. 
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six-cylinder engine is more intermittent 
than on an eight-cylinder engine. This 
intermittent tightening and loosening of 
the chain as it drives the camshaft re- 
sults in chain whip which tends to wear 
the chain more than the work it per- 
forms in simply driving the camshaft. 
Because of this Pontiac has always used 
a wide chain. As a further improve- 
ment, Pontiac engineers have deter- 
mined by trial that by increasing the 
pressure angle of the crankshaft and 
camshaft sprocket teeth the chain life is 
increased more than 50 percent. 
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Pontiac Heating and Ventilating System 
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Important mechanical refine- which hot water from the engine water culation of hot water through the heater 


ment on the 1942 Pontiac models is 
the redesign of the underseat heater. 
Instead of recirculating the air inside 
the body 100 percent inside air is used. 
This not only provides fresh tempered 
air but has several other important ad- 
vantages, including thermostatic tem- 
perature control, more heat when de- 
sired, abundant circulation of fresh out- 
side air in warm rainy weather without 
opening windows, substantial elimina- 
tion of window fogging in cold weather, 
improved defrosting of windshield, bet- 
ter distribution of heat throughout body, 
independently lighted controls. Located 
in the floor directly under the driver is 
the heating element or core through 
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jackets is circulated by the engine water 
pump. An electrically driven sirocco 
blower placed just below the left head- 
lamp and back of the radiator grille 
forces fresh air through a large pipe to 
the heater core. A valve similar to a 
water faucet, operated by a thermostat, 
regulates the flow of hot water through 
the heating element under the seat and 
in this way the car temperature is main- 
tained at whatever level seems most 
comfortable to the driver or passengers. 
Turning the temperature control knob 
raises or lowers the temperature as de- 
sired and thereafter that temperature 
will be automatically maintained. The 
temperature control affects only the cir- 


core. A branch from the large 4-in. dia. 
pipe connecting blower and heater leads 
to the defroster assembly placed in the 
center of the dash. No separate de- 
froster fan is used, the entire job of air 
circulation for both heater and de- 
froster being handled by the sirocco 
blower. 

The new system maintains an air 
pressure in the body slightly above the 
pressure of the outside atmosphere and 
thereby tends to prevent cold air cur- 
rents from entering minute leaks around 
doors and windows. Previous to this 
year there has been a slight vacuum in 
the body which encouraged the entrance 
of outside air. 
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RELIEF AND SAFETY 
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THE DESIGN of pressure relief valves is ent physical and chemical properties, ‘o 
dependent upon the service to which it make possible smooth and positive 
is put. The simplest relief valve is a operation with minimum valve and seat 
spring-held ball valve, usually with wear, to overcome space and size limita- 
= spring adjustment. Considerable inge- tions, and to meet other special require- 
nuity has been exercised in the design ments. A few of the designs that are 
of valves for high pressures and tem- now employed successfully are inchided 
peratures, for fluids or gases of differ- on these two pages. . 
| 
f | ---Common wire nail 
| / holds valve closed 
‘ ‘ ae until pressure 
ia SSN Gane SS U shears nail. 500 
== <== SRSSE--RS ==) 70 2750-lb. per 
| ; * 8g. in. Capacity 
by varying nail 
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| &) CushionYA j |: 
rin | Yy 
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FIG.4- VALVE WITH COMPRESSED AIR BALANCE. IN- 
CREASE IN INLET PRESSURE LIFTS DIAPHRAGM ASSEM- 
BLY AND VALVE AGAINST DOME PRESSURE. VALVE SPRING FIG.5-NEW TRIPLE RELIEF VALUE FOR 
ALLOWS OPENING BEYOND DIAPHRAGM MOVEMENT GLASS-LINED BREWERY TANK 


(Grove Regulator Co.) (Pfaudler Co) 
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Diaphragm holds vacuum line valve closed 
when supercharger is oreraving 
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VALVE MECHANISMS 
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FIG.6-BACKFIRE PRESSURE RELIEF VALVE FOR 
PROTECTION OF AIRCRAFT ENGINE SUPERCHARGER 


(Wright Aeronautical Corp.) 



































FIG.8 - VALVE FOR CORROSIVE LIQUIDS 
AND GASES HAS SHIELDED SPRING 





FIG.10-SAFETY HEAD. RUPTURABLE, 

SPHEROIDAL DIAPHRAGM HANDLES 

VIOLENT PPESSURES BEYOND CAP- 

ACITY OF CONVENTIONAL SAFETY 
VALVE 


(Black, Sivalls & Bryson, Inc.) 
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FIG.9-CUP DISK RELIEF VALVE 
(Klipfel Mfg. Co.) 
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FIG.7- NOISLESS WATER SEALED VALVE 
USED WITH CONDENSING ENGINES FOR 
PRESSURES UP TO I5-LB. 


(kieley & Mueller, Inc.) 
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FIG.I-VALVE FOR HANDLING COR 

ROSIVE GASES. DESIGNED IN COOP. 

ERATION WITH THE CHLORINE IN- 
STITUTE 


(Crosby Steam Gage & Valve Co.) 





4.__ Flapper valves permit quick 
opening, slow closing movement 


FIG.12- CONDENSED SAFETY VALVE HOLDS TIGHT 
UNDER HIGH VACUUM AND RELIEVES A FRACTION 
OF A POUND PRESSURE 


(Davis Reguiator Co.) 
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HYDRAULIC PIPING 


Determining Pressure Drop and Power Losses 


N CONSIDERING the piping of 

modern high-pressure hydraulic 

systems there are usually two 
classes to consider. The first is the main 
power piping, which usually carries suf- 
ficient pressure so that considerable 
pressure drop in itself is not especially 
objectionable. The second is the low- 
pressure auxiliary and control systems 
which must be carefully selected so 
that head loss in the piping will not 
produce slow or erratic operation of 
the machine. On many machines the 
power piping is large and expensive 
and the control piping comparatively 
small. This reflects the tendency among 
designers to devote the major consid- 
eration to the large high-pressure pip- 
ing rather than the control piping. Both 
are important, but it is in the control 
piping that the pressure drops are more 
likely to cause improper operation of 
the machine. 

The sizes of the high-pressure power 
pipes can generally be chosen by a 
consideration of the maximum velocity 
in the pipe. Fifteen ft. per sec. is con- 
sidered a good value to aim at for 
conventional applications, but 20 ft. per 
sec. can often be permitted when this ve- 
locity is attained for only a short time 
or a small part of the cycle time. How- 
ever, in installations where there are 
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long runs of piping, the power losses in 
the piping may be considerable even 
though the pressure drop or head loss 
is permissible and sufficient pressure is 
available to force the fluid through the 
pipes. The chart Fig. 1 will be found 
convenient for determining quickly the 
power loss for a given volume of flow 
in cu. in. per min. through different sizes 
of tubing. 

In selecting power piping it is advis- 
able to check the power loss by means 
of the chart in order to avoid excessive 
reduction of efficiency. But when 
designing the low-pressure control pip- 
ing, it is absolutely essential that .the 
pressure drop be calculated ‘because 
the pressure drop itself will determine 
the effectiveness of the operation of the 
controls. Fig. 2 shows the pressure 
losses for various pipe sizes for a wide 
range of oil flow and can be used to 
greatly simplify the calculations. The 
chart is based on pipe sizes and wall 
thicknesses used as standard in piping 
for Oilgear machines and machines made 
by many of the domestic manufacturers. 
Also, the chart is for oil of 200 SSU 
viscosity which corresponds to Gargoyle 
DTE heavy medium, at 120 deg. F. On 
this chart the family of curves running 
downward diagonally to the right indi- 
cates the velocity of fluid in the pipe 


Tubing Diameters and Wall Thicknesses 


when the quantity flowing is projected 
from the scale at the bottom of the 
chart to a pipe of the size shown on 
the curves running diagonally upward 
to the right. 

Thus, to select a pipe to carry 10,000 
cu. in. per min. at 15 ft. per sec., follow 
the 10,000 cu. in. per min. line directly 
upward until it intersects the diagonal 
labelled 15 ft. per sec. The chart shows 
that a 144 in. piping would carry this 
volume, while if a 1 in. pipe were used 
the velocity would be 20 ft. per sec. For 
the 114 in. pipe the head loss, as found 
by tracing horizontally from intersec- 
tion of the diagonal representing 1 in. 
pipe and the 10,000 cu. in. per min. 
ordinate, would be 0.35 Ib. per sq. in. 
per ft. of pipe. Obviously the chart can 
also be used to find the pressure drop 
when the dimensions of the pipe line 
are known or used to determine the 
pipe size for a given permissible pres- 
sure drop. 

In determining the pressure drop in 
any piping system it is essential to con- 
sider not only the length of the straight 
pipe, but also the effect of the various 
fittings used. These can usually be 
most easily handled by converting the 
effect of the fitting, for calculating pur- 
poses, into an effective length of pipe 
that would cause the same pressure 






























































SEAMLESS STEEL TUBING SEAMLEsS STEEL TUBING Copper TUBING 
For Screwed Fittings For Flared Fittings For Flared Fittings 
Equivalent ; Wall for Wall for Wall for Wall for Wall for 
Iron Outside Wall* Outside 1,000 Ib. 1,500 lb. 3,000 Ib. Outside 500 Ib. 1,000 lb. 
Pipe Size Diameter Pressuret Diameter per sq. in. per sq. in. per sq. in. Diameter per sq.in. per sq. in. 
\K 13 No. 16 \Yy 0.035 0.035 0.035 A 0.035 0.035 
\y a No. 11 3~¢ 0.035 0.035 0.060 se 0.050 0.050 
Be 43 No. 1] 4 0.050 0.050 0.080 V4 0.065 0.065 
ls 25 No. 9 X% 0.050 0.050 0.095 % 0.065 0.065 
34 1.050 a i% 0.065 0.065 0.135 LQ 0.065 0.090 
I 1+ Gd 1% 0.065 0 080 0.160 1l¢ 0.065 0.110 
14 1.660 a 14 0.065 0. (pe, @.195 14 0.065 0.120 
114 1.900 _ 
9 23% 4 
215 7 5, 
3 31 9 /R 
u tl, M4 * Given in B. W. G. or fraction of inch. 
6 65% u + 0-4000 lb. sq. in. pressure for 14 to 1 pipe size tubing. 0-3000 lb. sq. in. pressure for 
6 634 8, 114 to 6 pipe size tubing. 
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Fig. 1—Chart giving the volume of flow, iron pipe 
with oil at 200 SSU viscosity 
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size and hydraulic power loss for oil flow in a hydraulic system using steel tubing 
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Fig. 2—Chart giving the volume, velocity, pressure drop and iron pipe size for oil flow in a hydraulic system using steel tubing with 
oil at 200 SSU viscosity 
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drop. Values which may be used are: 
(a) Elbow or other right angled turn— 
30 pipe diameters; (b) Long radius 
turn, from 5 to 20 times pipe diameter 
plus the actual length of turn; (c) 
Any change in area, such as reducer or 
outiet to a tank, two times pipe di- 
ameter. 

The effect of various designs of globe 
and check valves, needle valves, or pis- 
ton type valves, varies so greatly that 
it would be impossible to list these fit- 
tings. However, ample allowance should 
be made for these items, as it is be- 
lieved that any such valves may be 
equivalent to from three to fifteen el- 
bows. It will often be found that the 
resistance offered by the fittings greatly 
exceeds that of the straight runs of 
pipe. 

Having determined the total of 
straight and equivalent straight length 
of pipe, the maximum rate of flow and 
the permissible total pressure drop, it 
is a simple matter to determine the 
drop per foot of pipe and, from Fig. 2, 
the size of the pipe required, selecting 
the next larger pipe from the inter- 
section of the pressure drop and flow 
of oil lines. 

All the above applies only to oil hav- 
ing a viscosity of 200 SSU. Since dif- 
ferent grades of oil, and different tem- 
peratures greatly affect the resistance 
to flow, it is important to be able to 
make corrections for differences in 
viscosity. 

The flow of any fluid in a pipe takes 
place in two different forms, depending 
on the diameter of the pipe, the ve- 
locity of flow, and the viscosity. It will 
be noted that there is a shaded area 
between the dot-dash diagonals running 
downward to the right on the charts 
in Figs. 1 and 2. The flow in the region 
to the right of the shaded area will be 
turbulent, flow in the shaded area be- 
tween the dot-dash lines may be either 
viscous or turbulent, depending on con- 
ditions, but for the purposes of com- 
puting pipe sizes should be regarded 
as turbulent. The region to the left 
of shaded area represents viscous flow. 
The problem of making correction for 
varying viscosity is somewhat compli- 
cated by the type of fluid flow existing 
in the pipe as different corrections must 
be made for the two conditions. 

It has been found, however, that be- 
tween the limits of 100 SSU and 4000 
SSU at least, the resistance to flow in 
the viscous region is directly propor- 
tional to the Saybolt viscosity, and in 
the turbulent region the correction fol- 
lows the approximate empirical rela- 
tionship : 

P=C FH 


Where P is the pressure drop in percent 
of head loss at 200 SSU, C is a constant 
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and S is the Saybolt viscosity. This cor- 
rection is most easily made by use of 
the following table wherein the value 
of P for different viscosities is tabulated. 





Viscosity, Head loss in percent of 


SSU head loss at 200 SSU 
100 83 
150 92 
200 100 
300 112 
400 120 
600 135 
800 148 

1,000 158 

1,500 170 

2,000 187 

3,000 210 

4,000 222 





It has also been found that, between 
the above limits the critical velocity also 
varies directly with the viscosity. This 
makes it relatively easy to determine the 
region to be considered. A few exam- 
ples will most clearly illustrate the 
method of using the formula and charts. 





ExAMPLE 1. What size pipe should be 
used for a line of 100 ft. equivalent 
length, carrying 100 g.p.m. (23,100 cu. 
in. per min.,) at 200 SSU and 2,000 Ib. 
per sq. in. pressure? Since this is a com- 
paratively large pipe and the pressure 
is high it’s size would normally be se- 
lected on the basis of maximum per- 
missible velocity, which will be assumed 
as 15 ft. per sec. Follow up the 23,000 
cu. in. line on Fig. 2 to its intersection 
with the 15 ft. per sec. line. The next 
larger pipe, 2 in., would be selected. 
From the intersection of the 23,100 
cu. in. line with the line for 2 in. pipe 
trace horizontally to the scale of Head 
Loss at the left. It will be found that 
the pressure drop will be about 0.25 
lb. per sq. in. per ft. of pipe, or 25 Ib. 
per sq. in. total for 100 ft. of equivalent 
straight pipe. Checking the power loss 
on Fig. 1 it is found that each foot of 
pipe will take 0.014 hp., or there will 
be a power loss of 1.4 hp. in 100 ft. of 
pipe. Since the hydraulic power input 
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Fig. 3—Curve for converting Saybolt Universal viscosity to Absolute Dynamic viscosity 
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is 117 hp., as calculated from the vol- 
ume and pressure, the efficiency of this 
pipe will be 99 percent. 


ExAaMPLE 2. What size pipe should be 
used to connect the pilot cylinder of a 
valve to an 85 lb. per sq. in. source of 
pressure, assuming 40 ft. of pipe (pres- 
sure and return), six elbows. a four- 
way pilot valve in the line, oil of 200 
SSU, and 50 lb. per sq. in. being re- 
quired to operate the valve? A flow of 
300 cu. in. per min. is assumed to be 
sufficient to operate the valve at the 
required speed. 

A maximum head loss of 88—50 or 
35 lb. per sq. in. is permitted, and for 
preliminary purposes assume the fit- 
tings have as much resistance as the 
pipe, that is, assume a total equivalent 
length of 80 ft. of pipe. The loss per 
foot will then be 0.44 lb. per sq. in. On 
the chart, Fig. 2, run up the 300 cu. in. 
per min. line to its intersection with the 
horizontal representing 0.44 lb. per sq. 
in., and it will be seen that 3¢ in. pipe 
will be approximately correct. Assume 
6 elbows at 30 diameters and the pilot 
valve at 6 elbows or 180 diameters. and 
we find the equivalent length of the 
fittings as 360 x 0.447/12 or 131% feet, 
0.447 in. being the I.D. of a %¢ in. pipe. 

Since 13.5 ft. equivalent length for 
elbows and valves is considerably un- 
der our assumption it may be possible 
to use 14 in. pipe. Equivalent length 
of fittings would then be 360 x 0.322/12 


=9.66 ft.. making a total of 49.66 ft. 
of straight plus equivalent straight pipe. 
From Fig. 2, the head loss in %4 in. 
pipe will be 1.2 lb. per sq. in. per ft. 
or about 60 lb. per sq. in. total for the 
49.66 ft. of pipe, which is excessive. A 
3 in. pipe should therefore be used. 


ExAaMPLeE 3. Assume same conditions as 
in Example 1 except that the oil is cold, 
causing its viscosity to go to 1000 SSU. 
The critical line in Fig. 2 will move to 
the right in proportion to the change in 
viscosity, or to a flow 1000/200 or five 
times as high. A straight edge held 
parallel to the critical line in Fig. 2, 
with its foot at 50,000 cu. in. per min. 
will show that the flow of 23,100 cu. in. 
per min. will still be in the turbulent 
region. We therefore must multiply our 
head loss and our power loss by 1.58 
or the factor from the table, corre- 
sponding to 1000 SSU. The total head 
loss will then be approximately 40 lb. 
per sq. in. and the power loss 2.21 hp. 
approximately. 


ExampLe 4. Assume conditions as in 
Example 2 except that the oil has a 
viscosity of 1000 SSU. By holding a 
straight edge parallel to the critical 
line in Fig. 2, with the foot on 50,000 
cu. in. per min. it will be evident that 
the point will be well within the viscous 
flow region. The head loss will thus be 
in proportion to the change in viscosity, 
or five times as high. Since the head 
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loss at 200 SSU can be found to be 
0.35 x 53 or 18% Ib. per sq. in. it will] 
now be 184% x5 or 92% lb. per sq. in. 
It is evident that the valve will move too 
slowly. It will be necessary to select a 
pipe which would appear on the chart 
to have 35/5 = 7 |b. per sq. in. total 
head loss or approximately 7/70=0.1 
lb. per sq. in. per foot. Finding the in- 
tersection of 300 cu. in. and 0.1 lb. per 
sq. in. per ft. head loss, we find this 
lies close to the 14 in. pipe. The equiva- 
lent length of the % in. pipe will be 
40 feet plus 360 x 0.548/12 or 56% feet. 
Head loss per foot being 0.155, the total 
loss is found to be 8.6 lb. per sq. in. at 
200 SSU, or 5 x 8.6 or 43 lb. per sq. in. 
at 1000 SSU. It will be found by fol. 
lowing down the 1% in. pipe line that 
the 35 lb. per sq. in. pressure available 
(7 lb. per sq. in. at 200 SSU or 7/56.5 
equals 0.124 lb. per sq. in. per ft.) will 
force 250 cu. in. per min. through the 
pipe. If a 16 percent sacrifice in speed 
can be permitted at the low temper- 
ature, a ¥% in. pipe will be satisfactory. 
Otherwise 34 in. pipe should be used. 

A brief discussion of the sources of 
these charts may be in order. The un- 
derlying principles on which they are 
based are well known, but their pre- 
sentation here will facilitate the calcu- 
lation of head loss beyond the limits 
here shown, or for sizes not shown. 

The expression for head loss in a 
pipe carrying any fluid, liquid or gas- 
eous, is 

P = 0.323 fsV2/D 

where 

P 


pressure drop in lb. per sq. in. per 
ft. of pipe 

friction factor 

s = specific gravity of the fluid 

V = velocity in ft. per sec. 

D = actual inside dia. of the pipe in in. 


ll 


f 


The friction factor f is shown plotted 
as a function of the Reynolds number 
DV s/u in the chart Fig. 3. In com- 
puting the Reynolds number D and V 
carry the same units as above, and u/s 
is absolute dynamic viscosity or the 
ratio of absolute viscosity in centipoises 
to specific gravity. This is shown in 
Fig. 4, plotted against the viscosity in 
SSU, seconds Saybolt Universal. This 
curve in Fig. 4 was plotted from 


u 18 
s ' 1 
where T = seconds Saybolt Universal. 


Thus, knowing that the velocity in 
the pipe line is Q/720A where Q is the 
quantity flowing in cu. in. per min. and 
A is the inside area in sq. in., it is pos 
sible from the above to compute the 
head loss in any pipe from the known 
quantity of flow, viscosity and dimen- 
sions of the pipe. The curves shown 
were computed in this manner. 
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oe | Developed to provide an all-purpose analysis to yield properties attained by a variety of alloy steels, 
iar 
he many of which contain numerous elements in high percentages, series 9100 has a chemical analysis that 
=0.1 oe 
the in- js constant within definite ranges except for carbon and molybdenum. There are two classifications, one 
lb. per ; . ; ; 
d. this without molydbenum and one with molydbenum, each consists of all ranges of carbon up to 0.70 percent. 
>quiva- 
mice || APPLICATIONS FOR N-A-X 9100 STEELS 
e total : : 2 
tee Machine gun side plates X-9115 GRADE—Oxygen supply cylinders 
sq. in. | Gun and howitzer carriages : 
by fol- sii salen J Tractors and trailers, all types %-O1SS GRABS — Gears 
phe ‘ ' Road scrapers and railroad cars Studs subjected to fatigue 
pep | Airplane brake frames X-9140 GRADE | Truck axles 
.) will \ Highly stressed chassis parts { Steering knuckles 
igh the 
1 speed 
emper- 
factory. IN SO FAR AS PHYSICAL and metallurg- the nitrogen in the steels into forms C—High notched bar impact strength 
e used. | ical properties are concerned, the 9100 that have properties such as at normal and also sub-zero tempera- 
rces of series provides both for a low alloy A—High grain coarsening tempera- tures. 
The un- high tensile steel in the lower carbon ture upon normalizing with slight Grade 9112 used in the “as rolled,” 
ley are brackets and a comparatively shallow change in physical properties with in- normalized, or stress relieved conditions 
‘ir pre- hardening steel in the heat-treating crease in normalizing temperatures. possesses a resistance to fatigue and 
> caleu- nthe hi h 1 d B—Comparative freedom from blue notched bar values at strength levels 
> limits ~ ion “een — mgr ay are brittleness and hence from strain aging of 50,000 lb. per sq. in. minimum yield 
wn. ee ee ae a even in normalized conditions. strength and 70,000 lb. per sq. in. min- 
3 in 8 ally contain about 0.12 percent carbon 
or gas- with no molybdenum, except that X- 
9115 which contains molybdenum is Table I—Effect of Conditioning Heat-Treatments 
used where sections heavier than about — : . 
Yj a nag lled h 0.860 in. dia. round specimen pulled in full section 
| opengl agalpe dP aig sedagP pat Analysis: 0.12 C., 0.59 Mn., 0.021 P., 0.018 S., 0.76 Si., 0.55 Cr., 0.10 Zr. 
: heat-treatment to definite physical prop- 
a erties in fairly heavy sections are de- ‘ : 
sired after fabrication. The shallower bar — P EI ‘ — 
iinaian simile ie thn salsldieem. oint strengt ercent Elongation educ- 
| va & : y lb. per Ib. per tion 
free grades are suitable for uses where sq. in. sq. in. 2 in. 4 in. 8in. | of area 
— depth hardening is either not required pane ——— gens ge 9" rege o. 7 
° : t H 4 RIE 6) i505 4 ws 08 00 ele 00, 42 io, ov. J. <0. (So. 
aa or is not desirable. Except for depth 43 noted. | 12112121112 55,520 | 76,430 | 52.0 37.0 28.5 | 73.2 
plotted (} hardening properties the molybdenum- 
number |} free steels have all the inherent charac- Normalized at 1,630 deg. F.| 49,460 73,000 52.0 39.0 29.5 74.1 
In com: teristics of the X-9100 series. Test data Normalized at 1,630 deg. F.| 49,340 72,830 52.0 38.0 30.5 73.4 
faye idicate that molybdenum imparts to Annealed at 1,630 deg. F..| 45,710 | 69,240 | 50.0 37.0 28.0 | 67.5 
the basic analysis a high degree of Annealed at 1,630 deg. F..| 46,530 69,080 50.0 37.0 30.0 66.6 
or the hardenability per unit of contained al- 
atipoises loys. Annealed at 1,280 deg. F..| 48,190 | 71,260 | 52.0 38.0 28.5 | 70.6 
| j ; a 38.0 28.5 70.3 
nown in In addition to deoxidizing the ele- 6 hr. and furnace cooled. 48,440 71,120 50.0 8. 28. ; 
sosity im ments used for that purpose also fix 
al. This 
n 
Table 1l—Chemical Analyses of N-A-X 9100 Series 
These steels are covered by U. S. Patent No. 2234130 and No. 2250505 
niversal. Other Patents Pending 
locity in é. Mn. P.Max S.Max Si. Cr. Mo. Zr. 
Q is the ee 0.10/0.20 0.50/0.75 0.04 0.05 0.60/0.90 0.50/0.65 ...... 0.10/0.20 
min. and ere 0.20/0.30 0.50/0.75 0.04 0.05 0.60/0.90 O.20/0.03 i «...... 0.10/0.20 
it is pos- re 0.30/0.40 0.50/0.75 0.04 0.05 0.60/0.90 0.50/0.05 i i==«...... 0.10/0.20 
pute the | a 0.40/0.50 0.50/0.75 0.04 0.05 0.60/0.90 es | ee 0.10/0.20 
ie known A-911S........ 0.10/0.20 0.50/0.75 0.04 0.05 0.60/0.90 0.50/0.6° 0.10/0.20 0.10/0.20 
d dimen- ss eee 0.20/0.30 0.50/0.75 0.04 0.05 0 60/0.90 0.50/0.65 0.10/0.20 0.10/0.20 
25 shown oe... ..... 0.30/0.40 0.50/0.75 0.04 0.05 0.60/0.90 0.50/0.65 0.10/0.20 0.10/0.20 
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,EERING November, 1941 607 
















































Table 11]—Physical Properties of N-A-X X-9115 





Physical prop- 


imum tensile strength. 





erties are raised by cold drawing. Cold 























1 in. bar 1/2 in. plate 3/16 in. plate drawing, however, lowers the propor- 

as rolled as rolled as rolled tional limit. High tensile 9112 can be 

0.505 in. spec. 1 1/2 in. wide 1 in. wide cold formed into complex shapes. | or 

Ten. str., Ib.per sq.in........... 76,000 75,500 76,500 parts that are to be cold formed, and 

Yield pt., lb.per sqin........... 52,000 | 52,000 53,000 | then heat-treated to definite physical 

Elongation, percent............. 40 in 2 in. 27 in 8 in 25 in 8 in. properties, X-9115 grade is recom. 
20 Ga. sheet mended. 

14 Ga. sheet 16 Ga. sheet cold rolled and In the fabrication of welded struc- 

as rolled hard cold —_ annealed, 0.804 in. tures, distortion caused by strains set 

5 Sone roled —_ up during welding has been found to 

‘Een. gtr., Ibsper sq.im........... 78,000 129,000 75,330 be less with the 9100 series than that 

Yield pt., lb.per sq.in........... 56,000 125,700 50,550_ generally encountered. This is attri- 

Elongation, percent............. 25 in 8 in. 4 in 8 in. 23 in 8 in. Scena tn: Inch ol Mine: Reteliein te, Oi 

31/2x31/2x1/4 6 in.x8.2 lb. 5 in.x12.25 Ib. parent metal with consequent lower 

in. angle channel I-beam tendency to induce strains when the 

Ten. str., lb.per sq.in............ 80, 960 $3,200 78,200 weld is cooling. Welds in scarfed and 

Yield pt., lb.per sq.in........... 57,980 60,000 55,600 butted plates show high notched bar 


Elongation, percent 8 in......... 24 23 
Red. area, percent.............. 


27 properties. 
66.2 Are welds should be made with a 








CHARPY IMPACT RESISTANCE, KEYNOTE TYPE SECTION 


shielded arc wire. High tensile grades 





9112 and X-9112 weld satisfactorily by 














Longitudinal eneetsbara einer citar Stake es Cia) ea: asleeer ae ictal eevee +75 deg. F. 69 ft. lb. both spot and resistance welding, how- 
ie. Te )|6 hee ever, because of decreased heat conduc. 
ERS ORR RRR em deg. F. 35 ft. lb. tivity the pressure should be increased, 
amperage decreased and a longer cycle 
eae used. 

ELEVATED TEMPERATURE PROPERTIES The carburizing grades of the 9100 
Temperature Tensile strength Yield point Elongation in Reduction of steels produce when carburized a case 
deg. F. Ib. per sq. in. Ib. per sq. in. 2 in. percent area, percent free of cementitic membranes. Such 
70 83 , 000 63,000 34.5 70.8 hyper eutectic carbide as is present 
100 82,600 62,300 37.0 70.9 consists chiefly of minute spheroidal 
re rege gn ip as forms in a mass of pearlite. There is 
400 78° 600 58,100 36.5 69.7 no excessive build-up of carbon in the 
500 76,250 50,500 31.5 67.3 case. Whatever hyper zone is present 
600 76,000 51,500 23.5 67.9 does not result in a brittle core caused 
a aoe rie as es by the dispersion of the carbides yet 

900 81.000 51,500 34.5 69 5 wear resistance is not sacrificed. 
1,000 74,250 39,000 34.5 77.4 Physical properties of the core after 
om mage ae 44.0 85.8 carburizing have a combination of 
1.300 17’000 15000 s oi toughness and strength which compares 
1,400 10,450 10,000 70.5 98 8 well with higher alloy content steels of 





similar hardenability. 
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Endurance limit 
Modulus of elasticity...... 
Hardness 
Bend test 


SHEAR StRENGTH—Pin strength approximately equal to 
yield point of the material tested. 


ComMPRESSIVE STRENGTH—Yield point in compression aver- 
ages slightly lower than yield point in tension. Example: 
Yield point in tension 56,310 lb. per sq. in.; in com- 
pression 50,420 lb. per sq. in. 
At load of 100,000 lb. per sq. in. on 1 in. rd., compres- 
sion is 8.69 percent. 


ABRASION ReEsistaNcE—Variable upon type of application, 
but equal to or better than SAE-1045 steel hot rolled. 


EXTENT OF AIR Harpeninc—None. Normalizing from any 
temperature softens slightly on as-rolled product finished 
on the cold side. For rolling temperatures finishing slightly 


above the upper critical, normalized hardness same as “as- 
rolled “hardness.” 
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..-62 percent of ultimate strength minimum 
. .» 29,000,000 to 30,000,000 Ib. per sq. in. 
..- 145/155 Brinell—80-85 Rockwell B 


Corrosion ResistaNce—-Variable, depending on environ- 
ment. Results of one year test in flowing sea water are 


Mild Steel 


Mg. loss per sq. dm. per day... .......ccccccccees 68 
Inches penetration per year.......... ee. 








N-A-X High Tensile 


Mig. Seas par om. dm. por Gay.........ccccccccnsss 
Inches penetration per year. . ee | 











Grain Size—For strip or plate finished slightly above the 
upper critical (1,630 deg. F.), grain size will be abou! 
A.S.T.M. No. 9. 


Density—Weight per cu. in.: 0.284 lb. 
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COMMERCIAL BRONZE 


R. A. WILKINS and E. S. BUNN 


Revere Copper and Brass Incorporated 


CoMMERCIAL Bronze is an alloy of copper and zinc contain- 
ing 90 percent copper. Traces of lead and iron are present 
in the alloy described here. While Commercial Bronze is the 
more common name for this alloy, it is referred to as “Gilding 
Metal” in United States Army Specifications 57-171-1B and 
57-171-3 as well as in A.S.T.M. Specifications B130 and B131. 
However, in A.S.T.M. Specifications B36 and B134 it is re- 
ferred to as Alloy No. 2. 

Commercial Bronze is extensively used in the manufacture 
of ammunition component parts as well as for bearings which 
are well lubricated and subject to light loads. It has excel- 
lent hot and cold working properties and is generally as cor- 
rosion resistant as copper. 

Complete mechanical properties of cold worked and an- 
nealed strip and rod are given in the accompanying charts. 

In the cold working as well as in the annealing series for 
strip, properties are given for two different ready-to-finish 
grain sizes, 0.015 and 0.070 mm., which represent limits com- 
monly encountered in commercial annealing. In brass mill 
terminology the anneal before the final cold working is called 
the “ready-to-finish” anneal and the grain or crystal size 
obtained is called the “ready-to-finish” grain. 

In order to render Commercial Bronze rod sufficiently 
malleable for cold drawing, it is common practice to anneal 
prior to cold working so as to produce a grain size of 0.045 
mm. to 0.050 mm. Commercial practice was followed in 
establishing mechanical properties given in Figs. 12 to 17. 

These charts show that the mechanical properties are 





































































































markedly influenced by the ready-to-finish grain size, 
110 
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Fig. 1—Effect of cold working on the Rockwell F and B hard- 
ness of Commercial Bronze strip. Variation in “ready-to-finish” 
grain sizes generally fixes the position of the curve between the 
solid and dotted lines 
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especially the cold worked strip series shown in Figs. 1 to 5, 

In the fabrication of brass strip the amount of cold work 
performed is referred to as the B.&S. numbers hard, e.g., all 
brass sheet and strip thicknesses are based on Brown & 
Sharpe gage units. If a piece of brass is cold rolled from 
12 B.&S. gage to 13 B.&S. gage—4 numbers hard. The rela- 
tion between numbers hard, percentage reduction of area by 
cold working and commercial temper designations is given 
in October P.E., page 552. 

A different range of properties is of course established for 
each number of hardness as shown in Figs. 1 to 5. This 
range is typical of commercial production and as such is 
recognized in commercial specifications. Control of the ready- 
to-finish grain size from one lot to another for a given amount 
of cold work is absolutely necessary in order to secure iden- 
tical properties in strip brass or Commercial Bronze. Fig. 5 
shows that material having a ready-to-finish grain size of 
0.015 mm. and cold worked 3 numbers has the same tensile 
strength as material with a ready-to-finish grain size of 0.070 
mm. cold worked 5 numbers hard. 

The influence of the ready-to-finish grain size on material 
which has been cold worked 6 numbers (50 percent reduc- 
tion) and then annealed, (Figs. 7 to 11) is less marked but 
nevertheless as important. Material having a ready-to-finish 
grain size of 0.070 mm. has consistently lower mechanical 
properties at the given annealing temperatures than material 
having a ready-to-finish grain size of 0.015 mm. Grain growth 
has taken place more rapidly in the material having the 
smaller “ready-to-finish” grain size. 
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Fig. 2—Effect of cold working on the percentage elongation in 
2 in. of Commercial Bronze strip. Variation in “ready-to-finish” 
grain size is not as effective on this property of the bronze as 
on its hardness 
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Fig. 3—Effect of cold work on the yield strength of Com- 
mercial Bronze strip having a “ready-to-finish” grain size of 
0.015 mm. The difference in the effect when the “ready-to- 
finish” grain size is 0.070 mm. is shown in Fig. 4 
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Fig. 5—Effect of cold working on the tensile strength and 
apparent elastic limit of Commercial Bronze strip (89.74 per- 
cent copper, lead and iron trace). The space between the solid 


and dash lines shows the influence of ready-to-finish grain size 
on physical properties 
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Fig. 4—Effecct of cold work on the yield strength of Commer- 
cial Bronze having a “ready-to-finish” grain size of 0.070 mm. 
The difference in effect when the “ready-to-finish” grain size is 
0.015 mm. is shown in Fig. 3 
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Fig. 6—This chart can be employed to determine the approxi- 
mate tensile strength and percentage elongation of Commercial 
Bronze strip when only the Rockwell hardness is known. It 
is accurate within the given limits for all thicknesses between 
0.020 and 0.080 in. 
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to-finish grain sizes, previously cold worked to 6 numbers hard 
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Fig. 8—Difference in final grain size as affected by annealing 
Commercial Bronze 6 numbers hard with “ready-to-finish” 
grain sizes of 0.015 and 0.070 mm. The smallest “ready-to-finish” 
grain size becomes the larger when annealing above 1,000 deg. F. 
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Fig. 10—Effect of annealing on yield strength of Commercial 
Bronze strip after cold working to 6 numbers hard. Influence 
of ready-to-finish grain size can be compared in Figs. 10 and ll 
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Fig. 1l—Effect of annealing on yield strength of Commercial 
Bronze strip after cold working to 6 numbers hard. The 
influence of ready-to-finish grain size for a given annealing 
temperature can be compared in Figs. 10 and I1 
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Fig. 13—Effect of cold working on the Rockwell Hardness, 
F and B, the reduction of area and the elongation of Com- 
mercial Bronze rod 
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having a “ready-to-finish” grain size of 0.050 mm. Some simi- 
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Fig. 14—Effect of cold working on the yield strength of Com- 
mercial Bronze rod as determined by three different methods. 
Variation at low values is greater than for strip 
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NEERING 


VULCANIZED FIBRE 


Vulcanized fibre, a pure cotton cellulose product made by chemically hydrolizing specially made cotton 


rag paper, is an almost homogeneous material. Basically a plastic material, it has been applied for more 


than 60 years to a multitude of uses. Vulcanized fibre is made in blocks, sheets, tubes and rods out of which 


have been made such diversified industrial products as gears, pinions, cams, screws, rollers, brake shoes 


and clutch linings, dust covers, hardware fixtures, aircraft fair-lead bushings and control guides. 


GRADES AND COLORS OF VULCANIZED FIBRE 


(1) Eleetrical Insulation Fibre. 
qualities, and high dielectric strength. Maximum thickness is 1% 


Outstanding characteristics are great strength, good bending 


lg in. Colors are gray or bluish gray. 


(2) Mechanical (Commereial) Fibre. Used for general mechanical and electrical purposes. 
Standard colors are red, black, and gray. 


(3) Bone Fibre. Harder than mechanical fibre. Standard color is gray. 


(4) Trunk Fibre. Similar to mechanical fibre but with better bending quality, smoother and 
cleaner surface, and in a greater variety of colors. Somewhat lower in dielectric strength and density. 
Standard colors are walnut, russet, chocolate, olive, mahogany and granite. Also white and black. 


PHYSICAL PROPERTIES OF VULCANIZED FIBRE 


Hardness. Various degrees of hardness are 
available, ranging from “soft as wet rawhide 
to hard as bone.” The ability to produce a 
glass-smooth finish which is non-splintering 
is important for the hardest grades. Soft, 
flexible fibre is produced by a glycerine treat- 
ment. Compressibility is the most useful cha- 
racteristic of soft fibre. 


Toughness. Repeated shocks and impacts 
can be absorbed without failure. Resilience 
is attributed to small percentages of moisture 
normally contained by the material. 


Density. Ranges from 1.15 to 1.5 gm. per 
cu.cm. Weight is about one-half that of 
aluminum. Minimum density for bone grade 
of 1.32 to % in. thickness is 1.30 gm. per 
cu. cm. 


Approximate Weight of Sheet 
(Based on 20 cu. in. to the pound) 





Thickness Wt. per Wt. per 
Inches sq. i. 100 sq. in. 
eee 0.1) 0.08 
eae ee 0.22 0.15 
Ns aa eto a0 0.45 0.31 
a! 0.67 0.47 
ROS er ee 0.90 0.62 
ee ree 1.35 0.94 
ES ee err 1.8 LZ 
BM ak ates sdk sa ae 2.7 1.87 
Re ee ae 3.6 2.50 
Re 4.5 3.12 
a eer eee 5.4 3.73 
ESS eee 6.3 4.37 

| A ee re 5.00 
Coefficient of friction 
Fibre on fibre.............. 0.16 


ibre on smooth cast iron... 0.21 


=, 
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Strength. Tensile strength varies with the grade, thickness, and direction 
as high as 18,000 lb. per sq. in. 


Minimum Tensile Strengths Specified by NEMA 











MECHANICAL GRADE Bone FrBrRE 
THICKNESS (COMMERCIAL) 
INCHES 
Crosswise | Lengthwise | Crosswise | Lengthwise 
lb. per sq.in. | lb. per sq.in. | lb. per sq.in. | lb. per sq.in. 
re ee 6,000 8,000 6,500 8,500 
BED fod )asnd odie es wae 5,500 7,500 6,000 8,000 
Ce 5,000 7,000 




















Standard minimum compression strength of the mechanical grade is 
20,000 Ib. per sq. in. for all thicknesses and 30,000 lb. per sq. in. for bone fibre. 
Standard minimum flexural strength of both mechanical and electrical 
grades, when applied on face or edge of fibre 1% in. thick or over is 11,000 


lb. per sq.in. applied crosswise, and 13,000 lb. per sq.in. when applied 
lengthwise. 


Reaction to Heat. Vulcanized fibre will not melt, nor does it burn readily. 
It stands continuous heat up to about 180 deg. F. and, for a short time, up 
to 250 deg. F. in some applications. Between 300 and 600 deg. F. it chars 
and becomes brittle but active combustion does not begin until 650 deg. F. 
is reached. A hot electric arc causes emission of a neutral gas which éxtin- 
guishes the arc but leaves no carbon deposit. 

Vulcanized fibre is warm to the touch, being practically a non-conductor of 
heat. Thermal expansion is 0.000015 per deg. F. between 68 and 140 deg. F. 


which is close to that of tin, zinc, lead, and aluminum and half of that of 
hard rubber. 


Reaction to Moisture. Natural vulcanized fibre tends constantly to 
equalize its moisture content with that of the surrounding medium. As it 
absorbs moisture, it becomes more pliant, and its tensile strength and dielec- 
tric strength are reduced. Normal moisture content is 4 to 8 percent. 

The rate of water absorption depends on fibre thickness. From 25 to 45 
percent by weight of water may be absorbed during 24 hours of immersion. 
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Maximum Water Absorption Specified by NEMA 


(Percent change in weight) 














MECHANICAL GRADE BonE FIBRE 
THICKNESS (COMMERCIAL) 
INCHES 

2 hr 24 br. 2 hr. 24 br. 
RG ere ree eee ne eo ee ea” 55 65 50 60 
I ed Boca esa Na. b5.5. 0 oinleniom i 25 60 20 50 
oe a RS eee 15 5 10 25 
BE RE SBI, SE aie tte NAR 8 20 5 15 

















Reaction to Solvents, Acids, Oils, and 
other Agents. Acetone, alcohol, ammonia, 
benzol, carbon bisulphide, ether, naphtha, and 
oil of turpentine have no permanent effect. 
Weak acids and weak caustic alkalis produce 
some swelling due to absorbed water and may 
attack the fibre after some time. 
acids and alkalis soon decompose vulcanized 
fibre. Mineral and organic oils are absorbed 
slightly unless the surface is treated. 

Aging serves to season fibre and to improve 
its quality. Fibre is not attacked by vermin 


Stronger 


nor rodents. 


Moisture absorption can be reduced by various coatings such as shellac, 


paraffin, varnish, waxes, etc., when the material is to be used where high 


humidity prevails. Temporary exposure to high humidity has no appreciable 


influence. 


Moisture absorption is a useful characteristic in fabrication of parts 


because the resulting softening facilitates bending and forming. In such 
applications as washers, valves, and packings the swelling makes tight joints. 


Chemical Limitations of NEMA 


Percent 
Max: ash contént....4. 0.6.2.0 3 
(7 for red fibre) 
Max. silica content. ........... 0.3 
Max. zinc chloride content.... 0.2 


MACHINING QUALITIES OF VULCANIZED FIBRE 


VULCANIZED FIBRE can be machined with 
the same tools and equipment that are 
used for machining metals. While fibre 
is not as hard as the commonly ma- 
chined metals, tools do not remain sharp 
indefinitely. Tools must be kept sharp. 
Special skill is acquired with experi- 
ence. Detailed instruction for machin- 
ing is available from manufacturers. 

Fibre disks or sheets of fibre can be 
built up to any thickness and riveted or 
bolted together with metal shrouds and 
then lathe turned or hobbed to shapes, 
such as gears. 

Circular sawing is employed where 
smooth edges and close tolerances are 
required and band sawing where these 
are not required. 


Miuuinc. A good practice in milling 
fibre is to remove all of the material in 
one cut, if possible. High speed, or car- 
boloy-tipped tools are recommended for 
large quantities. 


SHEARING. Fibre up to 1 inch thickness 
may be sheared satisfactorily. Heating 
slightly will give cleaner edges. Thicker 
fibre can be sheared if edge finish is not 
important or if subsequent machining is 
possible. 

Drititinc. High-speed drills designed 
for drilling Bakelite are recommended. 
Clean edges free from burrs are pro- 
duced by backing up the fibre with a 
hard material. The drill should not be 
forced and drilling should be perpen- 
dicular to the grain when possible. 
Tappinc. Regular taps are used but the 
tap hole should be 0.003 to 0.006 in. 
larger than in metal. 

Threading is done with about the 
same method as for brass, using a high 
speed steel tool. 

Puncuinc. Compound dies are most 
satisfactory for intricate pieces while 
progressive dies are best for high speed 
fabrication. Punches must be made 


oversize for hot punching to allow for 
shrink in cooling. Punching should be 
done at right angles to the grain of the 
material. 


SHavinc. Fibre up to * in. thickness 
can be shaved cold. Fibre from ¥¢ to 2 
in. should be shaved hot (200-250 deg. 
F.) after wiping with oil. Hollow dies 
of hardened tool steel are used. 


Reamine. It is difficult to ream any kind 
of fibre with ordinary reamers, as they 
dull quickly; nor can the holes be accu- 
rately gauged for size. Fair results may 
be obtained with special types of expan- 
sion reamers. 

Turninc. Practice in turning fibre has 
not been fully standardized because the 
methods favored by different manufac- 
turers vary with conditions. In general 
the methods are similar to those for 
brass but require experience to develop 
technique, particularly when done on 
automatic screw machines. 


FORMING QUALITIES OF VULCANIZED FIBRE 


ADVANTAGE is taken of the ability to 
soften fibre by absorption of water in 
forming and shaping operations. If the 
job is simple, little moisture is required 
and a punch press is generally used 
where the forming time may be only a 
split second. For large, complex jobs 
where the forming and drying time 
might run into several minutes, a hy- 
draulic press is used. 

In most forming operations a small 
degree of flow occurs. To retain fibre 
in any shape or form, it is only neces- 
sary to hold it firmly until dry, where- 
upon it sets. Heat hastens the setting 
process. Hydraulic operated steam- 
heated presses and methods of working, 
handling, shaping, and forming fibre 
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have been highly developed, permitting 
fabrication of any form, shape or size— 
in any quantity. 

BENDING. Simple bends can be made in 
an “angle brake” after moistening with 
steam. It is then held in shape by suit- 
able heated forms to dry and harden. 
Fibre should always be bent parallel to 
the grain. Softening can also be accom- 
plished by immersion in water (hot or 
cold) but will require longer setting 
time. 

U-sHapes. Can be round, oval, square, 
or rectangular, and one side can be 
higher or lower than the other. 
Drawinc. A relatively new forming 


operation used for making miners’ and 
athletic helmets. 


Swacinc. Washers with swaged hubs 
are, common, the length of the raised 
part being limited by the volume of 
fibre available at the center of the sheet 
fibre. 

Cuppine. Slightly cupped washers are 
formed in a punch press. A slight 
humidification of the fibre aids the flow. 
Deep-cupping is also done on a punch 
press followed by hardening on a form. 
Fiarinc. Fibre tubing can be flared by 
spinning in screw machine or lathe with 
a stationary tool pressing outward to ex 
pand the diameter. Heating due to fric- 
tion greatly aids flow in this “belling 
operation. 

SPINNING. Screw machines are used also 
to spin fibre tubing inwardly. 
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GLASS for MECHANICAL PARTS 


Development of glass compositions that have improved physical properties, and of new techniques in 


the fabrication of glass parts, greatly extend the fields of application of glass for structural and 


mechanical parts. Closer dimensional tolerances and new methods for joining glass to glass and glass 


to metal and other materials are being used. 


WORKABILITY 


Blowing and pressing are the two gen- 
eral methods of fabricating glass parts. In 
both cases metal molds are the common prac- 
tice. A great deal of glassware, bottles and 
containers, are made by a combination of 
pressing and blowing, i.e., the neck is first 
pressed to shape in a “blank mold” and the 
blank is then transferred to a blow mold in 
which the body of the blank is blown out to 
form the remainder of the container or bot- 
tle. This “press and blow” operation is lim- 
ited to automatic production. 

High dimensional accuracy in glass mak- 
ing is shown by the production of molded 
glass bearings with sufficient accuracy as to 
require no grinding. Accuracy of pressing 
parabolic reflectors of sealed-beam head- 
lamps is great enough to require reflected 
light to detect imperfections. 


Machine cutting with carbide tools leaves 
rough surfaces and is a process still in experi- 
mental stage. 


Grinding is the common method of cutting 
glass to close dimensions by abrasive action. 
Much special grinding machinery is used for 
surface grinding and drilling of holes. Suc- 
cessful grinding is important to manufacture 
of glass centrifugal pump. Four-inch diame- 
ter tubing 70 in. long has been ground and 
polished to + 0.04 in. tolerance on outside 
diameter for acid resistant conveyor rollers 
mounted on rubber. 


Table I—Physical Properties of Glass for Cast 
or Formed Mechanical Parts 





BorostLicaTE Guiass (Pyrex) 


Linear coef. of expansion.............. 0.0000018 per deg. F. at 66-660 deg. F* 
Modulus of elasticity... . oi eaegoeltnee = dates eeeneon 9.8 x 10° lb. per sq. in: 
Specific gravity....... vececeeeeess cdead (Aluminum — 2.7 


Specific heat........... 
Refractive index...... 


a oa gal ia ea ia ee 0.20 (Steel — 0.107) 
Thermal conductivity. . . ae. 


Nite Butea cee 1.474 (Less than most glasses) 
..8.1 B.t.u. per sq. ft. per hr. per in. thickness 
per deg. F. at 77 deg. F. 


Ultimate tensile strength......... 6,000-10,000 lb. per sq. in: (depends on sur- 
face condition) 
Maximum permissible tensile... . . 1,000 lb. per sq. in. for enameled glassware 


2,000 lb. per sq. in. or more for “tempered” 
or ‘‘ processed ’’ glass 

COmMmMCEMIVG GIZTENATRA: . ......... 5 500k csnusacgoecsiecan Over 100,000 Ib. per sq. in. 

Chemical stability............... Resists all acids except hydrofluoric and gla- 
cial phosphoric. Concentrated sulphuric acid 
at b.p. dissolves 0.000002 gm. per sq. cm. per 
hr. Constant boiling HC1 dissolves 0.000006 
gm. per sq. cm. per hr. at b.p. 

Abrasion resistance.................. Twice that of plate glass approximately 





SEALING GLASS TO GLASS 


The common method of making glass seals is by heating the sections 
to be joined in the flame of a blow lamp, either by hand or machine, and 
annealing the seal to eliminate or reduce residual stresses. A recently devel- 
oped process of making seals by high frequency electric current has proved 
particularly advantageous in making difficult seals. 


SEALING GLASS TO METAL 


The flame technique referred to above is generally used in such applica- 
tions as bringing leads through the envelopes of bulbs and electronic 
tubes. Seals can be made also by metallizing the glass surface by one of 
several methods, including metal spraying, and then soldering to this metal- 


Table II—Properties of Some Multi-Component Glasses 








Tensile Compressive Thermal 
Specific Young’s Poisson’s Strength Strength Expansion Specific 
Type Gravity Modulus Ratio Ib. per Ib. per (> =) Heat 
Ib. /sq.in./10° sq. in. sq. in. Lt °K 
Borosilicate Crown.............. 2.370 10.37 0.197 9,860 179,600 eee 0.204 
Borosilicate Crown... . . 2.47 11.33 DOE... .~ciiaen << ceeuene 4.43 tale 
Zinc Silicate Crown... .... . 2.572 9.24 0.226 12,030 139, 100 th 
Silicate Crown.......... 2.580 9.38 0.231 9,560 130,500 5.35 
Light Barium Crown....... . 3.21 10.54 es eee = se. 
t Barium Crown..... 3.532 11.36 0.27] 10,600 120,400 pou! 0.140 
Heavy Silicate Flint.......... 3.879 7.76 0.224 7,690 120,400 isdtiea) Gll gene 
Heaviest Silicate Flint... .. 5.944 7.24 0.261 5,070 85,500 5 Pee 
imental Glass......... 2.479 SS Se 11,900 160, 800 ae 0.196 
xperimental Glass......... 2.518 8.54 0.253 11,170 97,100 0.189 
Light Borate Crown... .... 2.243 6.69 0.274 8,260 116,000 3.7 0.218 
Borate Flint............... 3.527 11.62 CE heme o> eee 1.85 0.166 
osphate Crown................ 3.070 8.99 0.253 10,880 107,300 1.84 0.159 
Pyrex Chemical Resistant. . 2.25 a ek ae mee so Oa ee 1.78 0.20 








Data from ‘‘Glass the Miracle Maker’’ by C. J. Phillips, newly published by Pitman Publishing Company. 
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lized surface, This solder method is not 
adaptable to applications involving tem- 
peratures near the softening point of 
the solder. 

Use of metal inserts pressed directly 
into glass is limited to special products. 
It is used successfully in the manufac- 
ture of insulating bushings for General 
Electric Company. The essentials of a 
good bond are nearly identical thermal 
expansions of the glass and metal and 
ability of glass to “wet” the metal at a 
suitable temperature. Special glasses 
and alloys have been developed to im- 
prove bonding. 


APPLICATIONS 

GLASS PUMP IMPELLER. A hollow, in- 
ternally splined stub shaft, integrally 
molded with the impeller, is bonded 
with a molten alloy to a loosely fitted 
splined plug. 

Gas METER INDEX WINDOW. Edges of 
glass plate, spray-coated with metal, are 
soldered to metal frame. 

ELECTRIC HEATER. Heater element is a 
zig-zag pattern of sprayed metal on the 
surface of the glass. Sprayed metal is 
aluminum or special aluminum alloy 
sprayed at about 570 deg. F. 


ATTACHMENT TO OTHER 
MATERIALS 

One of the simplest methods of attach- 
ing metal to glass is to bend metal ears, 
crimp a metal rim, or employ clamps 
around lugs or beaded rims of tubing, 
bottlenecks, and the like. Unbonded at- 
tachment is not confined to metal. The 
internal thread of pole-line insulators is 
the means for attachment to threaded 
wood cross-arm pins. Metal or plastic 
caps are now screwed on threaded bottle 
necks. Screws through drilled holes hold 
eyeglasses to frames and three screws 
in a metal collar hold glass lamp globes 
in position. 

Putty is sufficient weather proofing 
for window glass. Various glues or ce- 
ments are satisfactory for other attach- 
ments but require careful consideration 
except in the simplest joints. Rubber 
hose is often merely stretched over a 
nozzle end. 

A bottle-shaped humidifier float, re- 
cently designed, is attached to a float 
arm through a metal spud clamped to 
the beaded neck of the float. 


HIGH-STRENGTH GLASS PLATE 
STRENCTH—4 to 41% times as strong as 
ordinary plate glass. 

HEAT RESISTANCE — Thermal 
rating is 400 deg. F. 

IMPACT RESISTANCE—High resistance to 
shock; can be bent and twisted. 
BREAKING CHARACTERISTICS—Crumbles 
into dull-edged fragments, thus elimi- 
nating the danger of flying splinters. 


shock 
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Table I1]—Dimensional Variation of Commercial Borosilicate 
Glassware 








O.D. Variation 
In. 





Hand blown ware 
Up to 6 in. O.D. 
Over 6 in. O.D. 

Machine blown ware 


ol, 
bea! 


let He He Ht HE 
=t 
w 


Hand pressed ware ty 
Machine pressed ware ty 
Hand drawn tubing ex to % 
Machine drawn tubing + 7; to + % 
* Approximately 4 to # in. 
+ Approximately 7; to 3 


Out of Round 





Wall Thickness 





Percent of O.D. Variation 

2.0 max + 33% percent 

2.0 max + 33) percent 

2.0 max aT . 

2.0 max zs * 

2.0 max. as T 

2.0 max. + 3314 percent of nominal 
2.0 max. + 25 percent of nominal 


total variation in thickness of bottom. 
in. total variation in thickness of bottom. 





Table IV—Reference Temperatures of Glasses 





Softening Point 


Annealing Point Strain Point 





deg. F deg. F. deg. F. 
Range — all glasses 930-2 , 750 660-1 , 640 570-1 ,500 
96% Silica glass (approx.) 2,750 1,640 1,500 
Borosilicates 1,270-1, 750 900-1 , 350 830-1 , 250 
Lime glasses 1,240—-1,380 930-1, 060 880-990 
Lead glasses 1, 080-1, 220 800-860 720-810 
Viscosity — poises 4.5X107 2.5X10% 4.010 





Table V—Heat Exchanger Tubing Data 











Max. 

— Cross- | Recommended Heat Transfer B.t.u. /Linear Ft. ; 
Di t Sectional Working Coefficients of r ube/ Hr. /Deg. F. 
——? so Pressure Vapor to Liquid Liquid to Liquid 

Lb./Sq.In. 
Water Velocity in Water Velocity In 
Ft.Per Sec. Ft.Per Sec. 

0 1 2 3 0 0.4 1.0 
1 0.79 50 21 a0 «fe 635 12 20 26 
1% 1.76 Jo 30 43 48 = 51 17 28 37 
2 3.14 25 39. 56 62 65 22 36 48 
3 7.08 20 46 61 66 69 28 43 54 























Size—Maximum size is 48x108 in. 
Thicknesses range from 1% to 114 in. 
Uses—So far confined largely to house- 
hold furnishings and structural mate- 
rials such as frameless doors, shelving, 
dance floors, and stair treads. Drafting 
boards and layout tables have been 
made also. Machine guards, such as on 
grinders, have been suggested. 

Laminated safety glass is also in this 
class and although its chief application 
has been in motor cars and airplanes 
where transparency is of great impor- 
tance, its advantages in strength and 
breaking characteristics also suggest 
utility in machine guards. 


HEAT TRANSFER 


The coefficient of thermal conduc- 
tivity of glass is low compared with 
that of metals. However, the greatest 
resistance to heat flow occurs in the 
film separating the moving fluid from 
the solid surface, so that the overall 
transmission of glass piping is some- 
what comparable with that of metal 
tubing. In addition glass is highly re- 


sistant to scaling and pitting. Hence it 
retains its original rated heat-transfer 
capacity indefinitely. 


INDUSTRIAL PIPING 


Design of glass pipelines requires at- 
tention only to those factors considered 
in well-engineered designs for other 
materials, it is said. Provision for ther- 
mal expansion differs from metal, and 
alignment and support are important. 
Pressures up to 100 lb. per sq. in. can 
be held by Pyrex flanged piping up to 
4 in. in diameter. 


TYPICAL CORROSION-PROOF 
EQUIPMENT 

All-glass centrifugal acid pump, cool- 
ing chambers, heat exchangers, piping 
for chemical process equipment, pipe 
fittings, fractionating columns, bubble 
plates and caps, bearings for the heavy 
shafts of pickling vat rollers, conveyor 
rollers for chemically treated materials, 
reels in silk-dyeing machines, storage 
battery separators, and glass-lined tanks 
and fittings. 
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Question and Comment 








Appendix to “Shorter Sleeve Bearings” 


Explains Measurements of Bearing Loads 


E. R. SUMMERS 
Induction Motor Engineering Department, General Electric Company 


Many of the belted tests which have 
been made with sleeve bearings in the 
past have not been very scientific be- 
cause no accurate method was available 
for determining the belt tension. 

Therefore, to evaluate accurately the 
test data presented in my article on 
“Shorter Sleeve Bearings” (P.E., Octo- 
ber. pp. 530-536) pivoted motor bases 
were used as shown in Fig. 15(a). With 
this arrangement the belt tension is 
readily determined and can be conven- 
iently adjusted to any desired value. Let 


T; = lb. tension in tight side of belt 

T: = |b. tension in slack side of belt 

R = radius of motor pulley 

W. = total effective weight of motor, pul- 


ley, overhung portion of base, and 
half of belt 


hh, b, ls = respective perpendicular moment 
arms of 71, T2, and W; with respect 
to pivot 
The torque delivered by pulley can 
be determined from the motor kilowatt 
input. Then 
TiR — Tk = torque 
or T, — T, = Stave (1) 
R 
Also by equating the moments about 
pivot 
Nh+ T2h= Wels (2) 
If the distances are measured in 


inches, the torque must be expressed 
in inch pounds. The pounds weight of 
W, is usually calculated, but can be 
directly measured with suitable scales. 
When the torque, total weight W,, and 
moment arm dimensions are known, 
Equations (1) and (2) can be readily 
solved for the belt tensions 7, and 7:. 
When 7, and T, are known, the bear- 
ing load is calculated as shown in Fig. 
15(b) and (15(c). 

Determine the sum of belt tensions 
T,+T. (if belt sides are not parallel 
the vector sum must be used), the dis- 
tance /, between centers of motor bear- 
ings B, and B., and the distance [; 
between center of belt and middle of 
bearing B.. The component of force on 
bearing B. due to belt tension is 


(1, + 7) GEM 


To calculate weight component, first 
ascertain weight W, of rotor including 
shaft, distance /, from center of bearing 
B, to center of rotor, and the weight 
W, of pulley including that portion of 
belt supported by pulley. Then 


Werle + Wp (l + Is) 
I 


The resultant or total force F, on pulley 
end bearing is then equal to the vector 


weight component = 





‘ 


sum of belt tension and weight compo- 
nents, and the center of pressure coin- 
cides with the resultant force at an an- 
gle of 6 from vertical center line. For 
field applications of general purpose 
motors, the weight component of rotor 
and pulley is commonly neglected with- 
out serious error, but if there is any 
question, a complete analysis can be 
made as indicated. The smaller load on 
the outboard bearing B, is seldom con- 
sidered, but can be readily calculated 
by equating moments with respect to 
center line of bearing B., as shown in 


Fig. 15(c). 


Suggested System 
For Identifying Parts 


To the Editor: 


This nomenclature system has been 
devised to present a clearer picture of 
complicated assemblies. It could be 
used in single unit production indus- 
tries such as aircraft and automotive. 

Although I have seen the necessity 
of such a proposed system, I have 
never encountered any system which has 
all these following advantages: 

1. Easy identification and _ location 
of the part from memory 

2. Identification and location of the 
part instantly on the stock list 


3. Clear subdivision of cost account- 


ing 


4. Allows for filing prints in assem- 


bly order 
5. Aids scheduling and planning 


The basis of this new method is the 
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Fig. 15—Method of measuring bearing load. (a) Shows motor mounted on pivoted base; (b) belt pull and weight components 


of total load F 7 on pulley end bearing as calculated from dimensions shown at (a) and (c). 


November, 1941 


619 


ns 





peat ate yr 































































































stock list. This is prepared from the 
usual data by the engineering depart- 
ment, except that these new part num- 
bers may be directly incorporated dur- 
ing stock list formation, or may be se- 
lected later after temporary part num- 
bers have been discarded. 

The present stock list referred to is a 
book of numbered pages. Each page is 
divided into numbered horizontal lines 
which contain each part and its descrip- 
tion. Vertical lines spaced about 14 in. 
apart serve for indentation of sub-as- 
semblies and details. It is this present 
method of indentation on stock lists 
which is the basis of this system. 

Procedure in obtaining part num- 
bers: 

1. Set up stock list (see below) 

2. Number sub-assembly and detail 
indentation spaces (see below) 

3. Assign numbers according to stock 
list location (see example) 


Stock List 


1 2 3 4 & (These numbers show quan- 
tity of breakdown) 


(1) PART — first main assembly 
Part 
Part 
(2) Part 
Part 
Part 
Part 
part 
Part 


PART — second main assembly 
Part 
Part 
Part 
Part 
Part 
Part 
part 
part 
(3) 
Examples. (Refer to parenthetical numerals 
above) 
(1) 100 0 0 would be the part number 
(2) 1200 0 would be the part number 


(3) 23111 


In case the number of parts in an 

assembly is over 9, use a dash: 
243—16—3 

which shows that on the fourth break- 

down, this is a detail of the 16th item. 

In case of addition of a new part, 
add at the bottom to create a new part 
number. 

Ia case of cancellation retain the can- 
celled item on the stock list, and mark 
it cancelled to avoid changing numbers. 

It will be pointed out that this sys- 
tem makes no allowance for identical 
parts which are used on several assem- 
blies. In fact it would seem confusing 
to have several part numbers for the 
same part. This can be cleared up in 
the following manner: Such parts will 
have a part number taken from the 
stock list page and item number where 
this part first appears. In addition it 
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could carry a number showing the 
quantity used per main assembly. Thus 
the number itself will give instant ref- 

erence to a description of the piece. 
Of course standard parts and nuts 
would have standard part numbers. 
These parts would be listed with iden- 
tical parts. —BENJAMIN F. SMITH 
Grand Rapids, Mich. 


“The Teller’s Mistake” 
Has Unique Solution 


To the Editor: 


With reference to the problem of 
“The Teller’s Mistake” as given on page 
502 of your September number, the 
following solution is of analytical in- 
terest, since it shows that the given 
problem has a unique, single-valued 
answer. Let 

X = number of dollars on check 
Y = number of cents on check 
Then, value of check = $ X.Y 
Now, Money giventheman= $X.Y 
Money spent by man = 1.93 
Remaining money = $2X 2Y 

Now, from the mechanics of the sub- 
traction process, we may write two con- 
dition equations: 

(X + 100K) — 93 = 2Y 
(Y-—K)-—1=2X 
where the parameter K = 1 or 0, de- 
pending on whether or not it is neces- 
sary to “borrow” from the dollars col- 
umn during the indicated subtraction. 

Solving simultaneously, 

_ 199 K — 187 

” 3 

Now, if K = 0, Y will be negative. 
Therefore, K = 1, and 

199 — 187 _ 
———— © 


Y 


Y= 4 


and substituting, 
_ Y¥=K-1 4-i-1 
7 2 win 


Therefore, the value of the check was 
$1.04. —Warren D. ANDERSON 
Norma-Hoffmann Bearings Corp. 


X =1 





This One Looks Tough 
To the Editor: 


Here is the problem for anyone to 
work on who thinks he is good at mathe- 
matics: 

Two identical large containers are 
filled with small particles. In one the 
particles are perfect spheres all of the 
same size. The radius of these spheres, 
r, is such that the surface area is A, but 
r is very small compared to the dimen- 
sions of the container. 

The second container is filled with 
ellipsoids whose axes are a, b and c, 





such that the surface area of cach 
ellipsoid is A, that is, the same surface 
area as the spheres. Which container 
will contain the greatest amount of ma- 
terial and what is the difference ex. 
pressed in terms of the axes of the 
ellipsoids, a, b and c? Either random or 
co-axial orientation of the ellipsoids 
may be chosen. 
I don’t know the answer so proof 
should be furnished. R. G. Srurm 
Aluminum Research Laboratories 
Aluminum Company of America 


Newton’s Method Solves 


Trigonometric Problem 
To the Editor: 


My object in submitting this solution 
to the problem posed by Ralph Cor. 
nelius on page 502 of Propuct Encr- 
NEERING for September is to illustrate 
a practical method of solving a large 
class of equations. It puts into definite 
mathematical terms a process which is 
almost instinctive in solving all kinds 
of problems by “cut and trial.” We try 
something and note the fit. We try again 
and note the improvement. We then 
note the relation between the change 
in the trial and the change in the im- 
provement. This gives a guide for the 





























next trial, ‘the fit rapidly becoming 
closer with successive trials. We need 
only to be sure that the thing doesn't 
jump around erratically between trials, 
also that it doesn’t remain constant. 
The process is often used in daily work 
and. thinking without even seeing any 
mathematical expression. 

The figure given by Cornelius can 
be replaced by a simpler equivalent as 
shown here from which 


and cos ¢ = —~—— 


eliminating x gives 3.1 cos @ — tan d- 
Lane: = 0. 

An algebraic solution of this involves 
a fourth degree equation and the easiest 
numerical solution is reached by New 
ton’s method of approximation which 
proceeds in rapid steps to any degree 
of precision desired. The correction for 
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the first approximate guess is 
I () 
Qa=->S 
‘  F'@) 
_ (8.1 cos @ — tan ¢ — 1.385) 
= 3.1 sin @ + sec? d 





The numerator is the function and 
the denominator the first derivative of 
the function. 

Try @ = 45 deg.= 0.7854 rad. 

— 0.195 

4.19 


= — 2 deg. 39.9 min. 

The second approximation then is 
45 deg. — 2 deg. 39.9 min. = 42 deg. 
20.1 min. 

Substitute this value of ¢ gives the 
next correction as — 3.91875 min. and 
the third approximate answer is 42 
deg. 16 min. 10.875 sec. The next cor- 
rection is — 0.20 sec. which exhausts 
the capacity of ordinary trigonometric 
tables. Note that mistakes are self-cor- 
recting and as proof the corrections 
should be computed but not used. It 
may be pointed out that the precision 
of the answer is in excess of the pre- 
cision of the data which is itself not 
consistent and that the precision pos- 
sible by any method is limited by that 
of the available tables. The problem is 
of value in illustrating one of the quick- 
est methods of solving any equation 
numerically excepting a few freak 
equations which do not have a definite 
tangent at the root. —Harvey S. PARDEE 

Ravinia, Ill. 


This gives C; = = — 0.0465 rad. 


Toothless Reduction Gar 
Gives 2:1 Reduction 


To the Editor: 

Two-to-one positive speed ratio of 
revolving elements can be obtained 
without the use of conventional toothed 
gears through the use of the mechan- 
ism illustrated. Further reduction in 
multiples of two may be provided by 
applying additional stages of reduc- 
tion identical to the first. Any number 
of radial guides may be used, the num- 
ber of pins being increased in propor- 
tion. Some unique and valuable fea- 
tures of the “toothless gear” are read- 
ily apparent: 

1. No gear cutting equipment is 
needed, 

2. Any center distance may be used. 
With conventional gears this sometimes 
leads to teeth of special pitch, or the 
addition of idlers. 

3. Center distance may be made vari- 
able by providing an adjustable pinion; 
or one gear may operate any one of 
several different sized pinions without 
changing the ratio. 
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4. On light applications, such as in- 
dicators, a weight saving may be ef- 
fected. 

5. For super precision mechanisms, 
backlash and errors in ratio may be 
reduced. 

6. Backlash can be made adjustable 
through the use of tapered pins work- 
ing in guides with tapered walls. 

7. Since pins must pass across inter- 


section of guides, mechanism shown is 
self aligning. Ordinary gearing will 
operate even when gears are barely in 
mesh and therefore when backlash is at 
a maximum. 

It would be interesting to know if the 
above movement has ever been put to 
practical use by any reader of Propuct 
ENGINEERING. —J. T. BENNETT 

Los Angeles, Calif. 


Mess Kits of Plastics 


[ Editor’s Note—In the October number 
we published a letter from T. J. Mc- 
Carron asking why plastics are not 
being substituted for aluminum in Army 
mess kits. Our Washington editor sends 
us this reply: 

“Why aren’t plastics used? The ob- 
vious answer is that the soldier in an 
emergency has to cook in his mess kit. 
However, the Army is gradually speci- 
fying aluminum out of the kit and it 
will soon be made of thin steel with 





Can You Work This One? 


H. E. SMITH 


Solution to October problem— 
Cops and Robbers 


From the facts given last month, in 
3 min. the police have driven at 30 
m.p.h. from the hub to 15th St., and 
the bandits have driven from Ave. A 
to Ave. B on 20th St. Let X=number 
of street, then length of arc of street 
block is 


Distance traveled by bandits along 20th 
St. in 3 min. is 


720 
40 2 
Therefore, speed of bandits’ car is 


z X 20 = 107 = 31.416 m.p.h. 


Distance traveled by bandits on Ave. B 


_20-X 
~~ 10 





Distance traveled by police after turn- 
ing around at 15th St. and driving back 
to intercept the bandits is 


Ib—X ,rX_60-—4X+xX 
10 40 40 





If the police drive through a street so 
as to exactly intercept the bandits, 


since time is equal, distance traveled 
should be in proportion to speeds, so 











60-—4X+27X 
40 _ 30 
20— X ~ 31.416 
10 


Solving, X=5.53 

So if the police car drives down Ave. 
A and through Fifth St., it will arrive 
at the intersection of Ave. B and Fifth 
St. in 2.78 min.—approximately 5 sec. 
ahead of the bandits. 


This month’s problem— 


Brain Testers 


1. Find a number such that its 
double is exactly half of the reciprocal 
of the 6th root of 5 to the 8th power 
divided by itself. 

2. What is a practical method for 
cutting a watermelon through its ma- 
jor axis such that each of n disk-shaped 
slices have the same volume? Assume 
the melon is a prolate spheroid (ellipse 
revolved on its major axis) with a ma- 
jor axis a equal to twice the minor axis 
b. 

3. The proprietor of a menagerie 
was asked how many birds and how 
many beasts it included. He replied, 
“Well, the lot have 36 heads and 100 
feet.” How many of each were there? 
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a tin coating. (The “expert” at QM 
just told me it would be tin with an 
iron surface to keep it from rusting— 
that’s the kind of information you are 
apt to get around here.) 

The Army took very seriously the 
criticism it got from American Machin- 
ist and others for buying aluminum 
syrup and water pitchers, etc., and 
seems to have gone even as far as the 
soldier’s pack in making changes to 
save aluminum and other materials 
badly needed for other defense items.” 


Extruded Plastic Maker 
Given Wrong Address 


[Editor's Note—Because of an error in 
our source of information, the address 
of Extruded Plastics, Inc. was incor- 
rectly given on page 509 of Propuct 
ENGINEERING for September, as Nauga- 
tuck, Conn. The makers of the new 
“Interlox” extruded molding described 
in this “New Materials and Parts” item 
are not in Naugatuck, but should be 
addressed at New Canaan Ave., Nor- 
walk, Conn. | 


How To Present an Idea 
To Washington 


To the Editor: 


I like to look over Propuct ENGINEER- 
ING—a fine sheet. 

And, today, while scanning page 506 
I notice the second item concerns the 
recommendation by a gentleman in the 
oil fields for making floating oil tanks 
to be towed across the ocean. It is re- 
ported as a new idea and one which has 
considerable acceptance on the part of 
Washington engineers. 

I thought it might interest you to 
know that on June 30 of this year this 
very same idea was presented by our 
own chief engineer, R. B. Pealer, to the 
authorities in Washington but was 
turned down very undiplomatically. 

The thing that makes me curious, 
therefore, is to know just what is the 
procedure when someone has a fine 
idea to present—so that the idea might 
at least fall upon open minds. 

—E. R. BARKLEY 

Beaver Pipe Tools, Inc. 

[Editor's Note—All defense ideas are 
to be submitted to the National Invent- 





ors Council, in the Department of Com. 
merce Building. It is not officially part 
of the Commerce Department; it oper- 
ates with money from the President’s 
blank check. It is more or less under 
the supervision of the Patent Office, 
which is part of Commerce. 

If Mr. Pealer approached an indi- 
vidual official of the Navy or the Mari- 
time Commission with his suggestion 
about floating oil tanks, he would or 
would not get a welcome and serious 
consideration, depending on the indi- 
vidual of course. The various agencies 
are not supposed to accept suggestions; 
they refer them to the above-named 
committee. 

Perhaps a thousand people have 
thought of floating tanks in the last 100 
years, and probably Mr. Pealer wasn’t 
the first. A great number of people 
come to Washington with suggestions; 
very few get anywhere. As you know, 
the Government has ignored many a 
good invention till it was literally 
forced upon it—like the telegraph and 
the airplane—but government officials 
recognize this failing. Remember—the 
correct approach is all important.) 





Case 


NO. 23 


Question: What is the effect of a pub- 
lication upon a right to a patent? 


ANSWER: Many engineers are under the 
impression that only a prior patent can 
defeat their right to a patent and that a 
paper read before an engineering society 
will have no effect upon their securing a 
valid patent. This impression seems to 
be quite general and it has resulted, 
consequently, in many serious losses. 
The true rule is that a publication is as 
effective as a prior patent to defeat a 
potential inventor. So dangerous is the 
publication habit and so dangerous is 
the reading of papers before technical 
societies that many prohibit such read- 
ings in view of the serious losses that 
have resulted from scientists and engi- 
neers reporting too prematurely. 

The only safe rule is to file the patent 
application first and let the engineering 
announcement and technical paper fol- 
low second. In any event, the patent 
application must be filed within one year 
from the first date of publication. By 
publication is meant the actual printing 
and distribution of the information. 
Sometimes it is a close question whether 
mimeographed articles constitute pub- 
lications, but it’s best to assume so. 

Another frequent source of loss of 
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patent rights is advertising of the prod- 
uct and the failure to file a patent 
application within one year from the 
date of the first advertisement. A noted 
agricultural implement patent was de- 
feated in court based upon the adver- 
tisement of the invention earlier than the 
statutory limit. Someone in the organi- 
zation had been slow in getting the 
application filed and the Patent Office 
did not know of this premature ad- 
vertisement. 

In Maibohm v. RCA Victor Company 
(C.C.A.4), 89 F. (2d) 317 the patent 
in suit was found to be invalid because 
of anticipation and lack of invention. 
Judge Northcott stated: 

“Maibohm filed his application for 
the patent in suit on October 30, 1929. 
The prior publication which, the de- 
fendant claimed invalidated the patent. 
appeared in the August, 1927, issue of 
Radio News, a New York radio journal. 
This article, the material for which was 
furnished the journal by the Simplex 
Radio Company, of which company the 
plaintiff, Maibohm was president, pur- 
ported to describe in detail the receiver 
including the invention and was illus- 
trated by cuts and diagram. The judge 
below found that from the information 
given in this article any one skilled in 
the art could, without further instruc- 


Histories in Patent Law 


tions, make the device or in the lan- 
guage of the Supreme Court in Seymour 
v. Osborne, 1] Wall, 516, 555, 20 L. Ed. 
33, ‘make, construct, and practice the 
invention to the safe practical extent as 
they would be enabled to do if the in- 
formation was derived from a_ prior 
patent.’ ” 

“That such a publication, as full and 
complete as this one was, constitutes a 
prior publication that, if made more 
than two years (By amendment to the 
statute, this limitation has now been 
changed to one year) prior to the ap- 
plication for the patent, would invali- 
date the patent under which the 
plaintiff claims, seems clear... .” 
(Pp. 319, 320) 

In Imperial Glass Company v. A. H. 
Heisey & Company (C.C.A. 6), 294 F. 
267, it was held that printed manufac- 
turers’ catalogues, circulated among the 
trade and containing illustrations of de- 
signs for a fruit bowl came within the 
meaning of the statute by the term 
“printed publications.” The patent in 
suit was held void for lack of originality 
in view of such prior circulation of the 
manufacturer’s catalogue. 

The safe rule is to file your patent 
application promptly. Thereafter all 
the technical papers and advertisements 
that are issued will be of no harm. 
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Report on Tin Supply Suggests 


Prevention of Shortage Easier Than Cure 


THE POSITION OF TIN among the strate- 
gic materials is a curious one. Most 
other metals are of greater importance, 
but are available domestically to vary- 
ing extents; tin is not nearly so vital a 
need, but we have no domestic sources. 
The Advisory Committee on Metals and 
Minerals of the National Research 
Council, in emphasizing this fact in their 
report on tin, points out that a cessa- 
tion of imports of tin would stop all 
further supply completely. There is as 
yet no shortage of tin in the country, 
they conclude, nor is there likely to be 
at the present rates of import. Sources 
of tin are the Belgian Congo, Bolivia, 
French Indo-China, Malaya, Dutch East 
Indies, Nigeria and Siam. All but de- 
liveries from Bolivia involve long sea 
trips which might be interrupted. To 
meet any unforeseen emergency this 
country, then, should build up a reserve 
stock-pile of ample dimensions, even 
though it is necessary to curtail present 
consumption and should plan for any 
drastic step which may have to be taken 
should future imports be sharply cur- 
tailed or eliminated entirely. While im- 
ports amounted to approximately 4,000 
long tons a month in 1939, consumption 
of primary and reclaimed tin in the U.S. 
reached 90,000 long tons in 1940 and 
will probably be somewhat greater in 
1941 because of increased food canning 
requirements for the Army. 

Tin plate for canning accounts for 
nearly half the yearly consumption. 
Solder accounts for another 20 percent. 
Babbitts and bronzes account for an- 
other 15 percent. Terne plate, tubes, 
pewter, wire tinning and sundry items 
account for the rest. Pewter is consid- 
ered unimportant and wholly substi- 
tutable. The value of tin in the galvan- 
izing process is a matter of doubt and 
some savings here may be possible. The 
amount of tin in type metals may be de- 
creased slightly without interference 
with the necessary properties. Tinfoil 
is considered entirely replaceable by 
waxed paper or cellophane until alumi- 
num becomes available in larger quanti- 
ties. Tin tubes of the collapsible type 
are a considerable item for which tin 
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coatings on lead tubes and careful 
reclamation may aid an otherwise diff- 
cult replacement problem. Tinning of 
wire brings up a difficult problem in that 
possible substitutes, such as aluminum 
and nickel, are already scarce. Tin 
bronzes are considered largely replace- 
able except for the lead-bearing bronzes 
of the 80 Cu 10 Sn 10 Pb type. 

Tin base babbitts for bearings are 
very difficult to replace without forcing 
a good deal of redesign of machinery 
to make other metals or other types of 
bearings acceptable. However, granted 
some redesign, much could be done to 
save considerable quantities of tin since 
babbitt is third on the list of tin uses. 
Even such bearing substitutes as silver 
and gold have been suggested. 

Solder, second largest consumer of 
tin, can be very largely replaced by a 
solder composed of 95 percent or more 
of lead, and the remainder silver. While 
this may seem extravagant, the small 
percent of silver required brings the 
price range very close to that of the 
usual solder. Since solders of this type 
are already being used in aircraft engine 
radiators, considerable data has already 
been obtained on the excellent proper- 
ties of the combination. With about 2 
Ib. of tin going into the soldering of 
every automobile radiator, this is a signi- 
ficant fact. 

Can makers, greatest consumers of 
tin, are toying with several emergency 
measures. Glass containers as alternates 
for cans are not very convenient from 
two points of view, the producer’s and 
the consumer’s. Thinner layers of tin 
are being tried, but there is a limit be- 
yond which complete metal coverage 
is difficult to obtain, although electro- 
deposition of tin is a possible solution 
which still presents many complexities. 
Lacquered black plate has been tried 
with dubious success as yet, but at- 
tempts at welding or stamping cans 
shows some promise. Reclamation of tin 
is very uneconomical and not enough 
could be reclaimed to have any effect 
on a shortage. 

All-out substitution would save about 
three-quarters of our tin and enable 
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Bolivia alone to supply all our needs. 

The Committee suggests that some of 
the forms of conservation mentioned 
above be begun at once and gradually 
increased. In this way a stock-pile can 
be built up and, should drastic curtail- 
ment of imports occur, the country will 
have a reserve on which to draw while 
the rest of the conservation program is 
carried out. 


Foreign Sources Permitted 
For 143 Army Materials 


ARMY REGULATIONS have been revised 
in order to lift the prohibition on use of 
143 different materials from other than 
domestic sources. Revision of the list, 
which until the ban was lifted contained 
only 18 materials for which foreign 
purchase was unrestricted, is explained 
by the War Department as follows: 

“Because the materials listed below, 
or the materials from which they are 
manufactured are not mined, produced, 
or manufactured, as the case may be, 
in the United States in sufficient and 
reasonably available commercial quanti- 
ties and of a satisfactory quality, their 
use in the manufacture of the supplies 
herein specified (subject to the require- 
ments of the specifications) is author- 
ized without regard to country of 
origin.” 

The list of materials now accom- 
panies all army bid invitations which 
might contain any of the 143 materials. 


Priorities Engender 
Progress in 1942 Cars 


THE AUTOMOBILE INDUSTRY was bound 
to find itself a competitor for materials 
with a mechanized defense program and 
was also bound to step aside in favor of 
that program. However, materials had 
to be found and that necessity, caused 
by priorities, became the mother of 
many a progressive invention that had 
been biding its time in the laboratories. 
True, some changes were made only be- 
cause they had to be. All the compa- 
nies will be using cast iron pistons in 
place of aluminum but with almost no 
sacrifice in power because the improved 
bearing designs will not only handle the 
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Testing under service conditions, delight of Westing- 
house engineers, called for special refrigerated building 


when it came to outdoor-type circuit breakers. Fine mist was 
blown in at temperature of —20 deg. F. to simulate heavy 








Light distribution of newest type of streetlight is dra- 
matically compared with that of the best luminaire of 25 
years ago by these “photometric visualizers” developed by 
General Electric illuminating engineers. Three-dimensional 





sleet storm. After three days of faultless operation, breaker 
design was pronounced O.K. 


to the inch 


plastic models are constructed to scale of 500 candlepower 





heavier loads but save strategic mate- 
rials by being lighter as well. Cast iron 
replaces zinc in General Motors car- 
buretors and fuel pumps with unim- 
paired quality but at extra cost. Zinc 
grilles have been replaced by steel 
stampings and, in all, the nearly 53 lbs. 
of zinc in the average General Motors 
car, according to Vice Pres. C. L. Mc- 
Cuen, has become less than 19 lbs. in 
the 1942 car but at somewhat higher 
cost. 

On the other hand improvement in 
steel heat-treatment practices have now 
made possible the duplication of the 
characteristics of many alloy steels by 
the proper treatment of a steel contain- 
ing nothing more than, say, 1 percent 
manganese. Both Chrysler and General 
Motors have been making good use of 
these inexpensive improvements as fast 
as they can be adapted to mass produc- 
tion. Aluminum was removed not only 
from pistons but from oil seal plates, 
where plastics are doing the job for 
Chrysler. It is claimed that plastic 
plates mass-produce easily and are 40 
percent lighter than the corresponding 
aluminum pieces. Chrysler’s door han- 
dles, formerly a zinc die-casting, are 
now made of injection molded thermo- 
plastic material with a stamped steel 
insert. These handles match color 
schemes well and, unlike zinc, lose no 
strength at sub-normal temperatures. 
Zine die-cast radiator ornaments are 
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also made of plastics on 1942 Chryslers. 
These plastic ornaments are better look- 
ing, lighter and not subject to corrosion. 
Plastic steering wheels and instrument 
panel medallions are equally satisfac- 
tory and good-looking. Even clutch 
torque shaft bearings are planned for 
plastics instead of zinc die-castings. 

General Motors, says Mr. McCuen, 
has reduced nickel consumption in 
plating by 66 percent, and further have 
improved the final result through 
changes in plating methods. Chrysler 
has improved on its Oilite bearings to 
the extent that the steering gear bear- 
ing and clutch pedal bearing now use 
a 0.005 in. thick Oilite bronze layer 
fused to strip steel backing plate rolled 
into a cylinder in place of the old vs in. 
thick Oilite, a definite saving in material. 

Thus it may be said of the 1942 cars 
that the emergency seldom hindered 
their development and in many cases, 
for example those of plastics and the 
simpler steels, actually sped up progress 
meant for later years. 


Clearing House Planned 
For Aviation Fittings 


WHEN INVESTIGATION showed ‘that un- 
balanced inventories of aircraft fittings 
existed in practically every airplane 
plant, the fittings industry set up a 
clearing house plan that might be ap- 


plicable to other industries. Under the 
plan, maintained by Weatherhead Com- 
pany, manufacturers of fittings, all air- 
craft manufacturers are kept informed 
of the location of surplus fittings, excess 
inventories have been leveled off, and 
many fitting shortages have been over- 
come. 

All aircraft producers send monthly 
inventories of fittings stocks to Weather- 
head. Copies of current purchase orders 
are also filed so that inventory records 
can be kept up to date. Inventory rec- 
ords are not limited to fittings that are 
in active demand, but include all obso- 
lete and slow-moving items for which 
use may be found. 





Do You Know That— 


Copper PIPE has been in use over 5400 
years. In 1910, near the Great Pyramid 
of the Pharoah, Cheops, a piece of pipe 
was found that had been used to convey 
water from the nearby river Nile to the 
royal bathing pool. (62) 


CASHEW NUTS, great quantities of which 
lie in the Brazilian jungle and rot, are 
a valuable plastic base. Arrangements 
are being made to salvage the crop to 
supplement that received from India. 
The oil of the shell is a natural phenol 
and can be made into many synthetic 


resins. (63) 
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ENGINEERING IN WASHINGTON 
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Cheap aluminum after the war may 
cause designers to change their ideas 
radically on what things should be made 
of. Engineers in the defense agencies 
here have expressed the opinion to this 
publication that the frames of automo- 
biles, and even the upper reaches of 
buildings, and bridges, and many other 
structures where weight is important, 
may be made of various aluminum al- 
loys. Weight reduction in cars, for ad- 
ditional gasoline mileage, will be es- 
pecially attractive to the public. J. Louis 
Reynolds, of Reynolds Metals Co., re- 
cently told the Journal of Commerce 
that a 1,500-pound aluminum car, at 
$500, was a definite possibility. Similar 
possibilities exist in some types of farm 
machinery and household equipment. 


Two engineering surprises fell 
upon Washington the other day. One 
of them was the Sea Otter light cargo 
ship, which the President handed to the 
Navy to develop, somewhat to the dis- 
pleasure of the Maritime Commission. 
The other was the Northrop “Flying 
Wing,” a very inept expression, since 
wings have no other function but to fly. 
News reporters discovered the Northrop 
tailless, fuselageless airplane design in 
the Patent Office, where it had been 
filed last November. An Army-Navy 
board is supposed to remove all pat- 
ents of possible value to defense from 
the public gaze, but it overlooked this 
one. 


Sea Otter No. 1 was a one-third-scale 
model of the 1900 ton freighter, built 
by Jacobson Shipyards of Long Island, 
for test purposes. Sea Otter No. 2, a 
full sized job, was built by the Living- 
ston Shipbuilding Company of Orange, 
Texas, upon designs by Weaver, Inc. 
Chief innovation in this design is pro- 
pulsion by sixteen 110 h.p. gasoline 
engines, all geared on one propeller, 
which, according to the best informa- 
tion available, is under the hull amid- 
ship, angled off a vertical shaft. The 
engines are V-8 marine conversions of 
regular automobile motors. Conversion 
means that they are jacketed and piped 
with brass to resist salt corrosion. 
Power plants constitute one of the main 
limitations on speed of shipbuilding, 
and the multiple auto engine scheme is 
aimed to relieve this bottleneck. The 
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boats are only 270 feet long and can be 
floated to sea on rivers and canals from 
inland construction centers. Speed is 
12 knots, and the range is 7,000 nautical 
miles. The propelling mechanism can 
be hoisted and replaced while the ship 
is under way. The entire steering gear, 
which is hand powered, appears to be 
above deck, where any part of it is 
accessible for emergency repairs. Unit 
losses of such ships would involve small 
tonnage, cargo and crew loss, and it 
would take a lot of submarines and 
bombing planes to chase them. Mari- 
time Commission engineers are quoted 
as saying privately that the Otter has 
many disadvantages: gasoline is ex- 
pensive and scarce; tonnage in such 
small vessels takes more crew person- 
nel than equal tonnage in large bottoms. 
Marine engineers will watch the out- 
come of this experiment with interest. 
If it works, the Navy will swarm the 
oceans with Sea Otters. 


The Northrop Wing is as old as the 
basic concept of the airplane. Many 
“bodyless” planes have been tried. The 
National Advisory Committee for Aero- 
nautics has tested several of them, in- 
cluding the Northrop design. Trust- 
worthy authorities here tell Product 
Engineering that too much enthusiasm 
about the simplified wing plane would 
be unwise. They say that the problems 
involved in securing apparent weight 
and drag savings are many and diffi- 
cult. However, in their opinion, the 
possibilities are worth full exploration. 
John Northrop has been working on the 
wing plane for 15 years, and many peo- 
ple think that if the trick can be turned, 
Northrop will turn it. Any achieve- 
ments along this line, even though im- 
mediate, probably would have small 
effect on the war in the air. The ex- 
perts remind you that the critical veloc- 
ity of the airfoil will apply to the wing 
plane just as it does to conventional 
planes. 


44-mm Bofors automatie field gun 
is Army’s defense weapon against low- 
flying airplanes. Rate of fire is 120 to 
140 rounds per minute. This speed is 
necessary, because some fast dive bomb- 
ers are within effective range no more 
than ten seconds. Reflection sights make 
it possible to trace the enemy aircraft, 


and tracer bullets show the trajectory, 
aiding correction. Muzzle velocity is 
2,850 ft. per sec., which gives a vir- 
tually straight trajectory of 3,280 yards 
and a maximum range of 11,000 yards, 
horizontal. Nose fuse of the shell is so 
sensitive that it detonates upon contact 
with the thin fabric of an airplane—or 
rather, 15/10,000 of a second later. If 
the projectile misses its mark, it ex- 
plodes automatically in the air, so as 
not to endanger persons and property 
on the ground. (Anti-aircraft guns are 
always used on home soil.) The gun is 
mounted on a four-wheel carriage; can 
be put into firing position in 25 sec- 
onds; barrel can be changed in two 
minutes; cartridge weighs 41% pounds; 
breech locks automatically when the 
shell is inserted, and opens during the 
recoil. The Bofors was exhaustively 
tested at Aberdeen. 


Three different manufacturers, 
plus the Army Ordnance Department, 
have produced a 105mm howitzer, which 
assembled perfectly, passed rigid tests 
at Erie Proving Ground, La Carne, 
Ohio, and has been accepted by Army. 
The gun proper was manufactured by 
Vilter Manufacturing Co., of Milwau- 
kee; recoil mechanism was made by 
Bryon Jackson Co., of Los Angeles; 
Pullman Standard Car Manufacturing 
Co., of Hammond, Ind., produced the 
carriage—the makers of refrigerators, 
oil-well supplies, and railroad cars, 
respectively, built a first class gun. The 
point is that the commercial plant of 
this country can go into ordnance pro- 
duction successfully. All three com- 
panies worked from plans furnished by 
Ordnance engineers. None had had 
previous experience in modern ord- 
nance manufacturing. 


Height finder, to measure the altitude 
of enemy airplanes, has been delivered 
to the Army by the Eastman Kodak 
Company. It is an elaboration on the 
stereoscope, like range finders used by 
the Navy and by camera designers and 
surveyors. But this is the first adapta- 
tion to anti-aircraft purposes. The in- 
strument is cased in a cylinder 15 feet 
high. The company reports that it 
measures altitudes precisely; that it is 
the most complicated optical instrument 
the Army uses. 
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New | 


Seamless Metal Hose 


This newly developed construction of 
seamless metal hose, type CC, can be 
distinguished by its double-thread, heli- 
cal corrugations. The double-thread 
corrugations assure better distribution 
of stress and, therefore. result in greater 


durability and safety as well. A rigid 
brass companion flange is brazed on one 
end; the other end is provided with a 
floating flange for proper adjustment 
to existing equipment. The tubing is 
made of bronze, suitable for conveying 
water, steam, gas, oil, etc. Any length 
and any type of end connection can be 
furnished. For high pressures the 
tubing is reinforced by means of metal 
braids and armor. Seamlex Co., Inc.. 
Long Island City, N. Y. 


Negative Coefficient 
Resistors 


To the Keystone line of negative 
temperature coefficient resistors are 
added these units with metal coated 
ends for making electrical connection. 
Hitherto, these resistors were supplied 
only with molded-in wires. The addi- 
tion of resistors with metal coated ends 
has simplified design problems by per- 
mitting the use of a cartridge or clip 
method of mounting. The chief char- 
ecteristic of Keystone resistors is their 


ee 


decrease in electrical resistance with 
increase in temperature. This property 
makes the material useful where it is 
desirable to reduce initial current 
surges or to provide temperature com- 
pensation in apparatus which exhibits 
rising resistance with increase in tem- 
perature. The four sizes of resistors 
are shown full scale. They have wat- 
tage ratings ranging from 34 to 3 watts. 
Keystone Carbon Co., St. Marys, Pa. 


Time Relay 
The Type RSIC and TDIC relays 


are motor operated timers which are 
designed to open or close an electrical 
circuit after some predetermined delay 
interval. They reset instantly and will 
re-start without manual resetting. The 
relays consist of a synchronous motor 
unit which rotates a switch operating 
arm when the magnetic clutch mecha- 


nism is. energized. When the clutch 
magnet is de-energized it releases the 
switch operating arm, returning it in- 
stantly to a starting position by means 
of a reset spring. The starting position 
of the switch arm (which determines 
the time setting) is controlled by a 
micrometer knob or by a friction type 
stop arm. The stop arm is provided 
with a shock absorbing member which 
protects the switch operating assembly 
when the switch arm is released to re- 
turn to the starting position. The main 
switch unit is a quick-operating type 
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aterials and Parts 


with silver contacts rated at 10 amp. 
and 115 v. or 3 amp. and 440 v. A.C. 
Extra contacts of 4% amp. capacity can 
also be supplied. Time scales from 15 
sec. to 5 hrs. are available. R. W. 
Cramer Co. Inc., Centerbrook, Conn. 


Physical Testing Machine 


To be shown publicly for the first 
time at the National Metal Congress, 
two new Southwark-Tate-Emery physi- 
cal testing machines, Models 20-35 and 
60-35, are built in 20,000 lb. and 60,000 
lb. capacities. The former unit is de- 
signed especially for plastics, while the 
latter is built for rapid routine testing 
of metals. Accuracy is claimed to be 
within 34 of 1 percent of load or 0.15 of 
one percent of range, whichever is 
greater. Priced below the company’s 
standard capsule-type machine, the new 
units are designed primarily for pro- 
duction control and rapid routine test- 
ing work. Within the limitations of the 
34 of one percent accuracy guarantee, 
they are also applicable to certain types 
of research work. Baldwin Southwark 
Div., The Baldwin Locomotive Works, 
Philadelphia, Pa. 


Range Wire 


This newly announced wire is said to 
possess increased dielectric strength 
and moisture resistance and to exceed 
all standard requirements. It is one of 
the Deltabeston series and can be ob- 
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tained with solid or stranded wire in 
sizes from AWG No. 20 to No. 8. It is 
insulated with a synthetic film and with 
a highly compressed covering of felted 
asbestos. The asbestos insulation is 
thoroughly saturated with a moisture- 
and heat-resistant finishing compound. 
The wire may be obtained in black, 
white. red, blue or green colors. Gen- 
eral Electric Co., Bridgeport, Conn. 


Synthetic Sponge Rubber 


Another use of the new synthetic 
rubber, Ameripol, is indicated by the 
announcement of a new sponge rubber 
made of this material. The new Ameri- 
pol synthetic sponge rubber is in the 
same manufacturing classification as 








milled sponge made from natural rub- 
ber. Sodium bicarbonate or a similar 
blowing agent is turned into gas by the 
heat of vulcanization and thus produces 
a cellular structure. This new sponge 
rubber is expected to fill requirements 
where oil, grease or other solvents make 
natural rubber unsatisfactory. The B. 


F. Goodrich Co., Akron, Ohio. 


Pencils for Marking Metal 
and Glass 


The addition of purple and green to 
the Phano line of metal and glass mark- 
ing pencils gives a broad range of ten 
colors available for the marking of 
polished metal, glass and glazed sur- 
faces. By use of these colors quick 
identification of parts and operations 
can be obtained. Layouts may be made 
directly on metal since cutting fluids or 
sprays do not wash off the markings. 
However, all marks may be removed 
easily when the operations are com- 
pleted. Celluloid, cellophane and all 
other smooth surfaces may also be 
marked with no danger of scoring or 
scratching. The colors now produced 
are ted, yellow, black, vermilion, blue. 
white, purple, green, light green and 
Pyro-red (brown). Joseph Dixon Cru- 
cible Co., Jersey City, N. J. 
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Molded Terminal Block 


This built-up molded terminal block 
is a molded sectional unit which can be 
supplied in any number of terminals 
from 1 to 50. Rating is 30 amp. at 750 


volts. It is claimed to have all the ad- 
vantages of the conventional one-piece 
molded terminal block, plus the ad- 
vantages of being obtainable with any 
desired number of terminals. It has slot- 
ted mounting holes, brass washer-head 
terminal screws, white marking strip, 
and large section brass terminal strips 
held tightly in position. Curtis Develop- 
ment & Mfg. Co., 3266 N. 33rd St., Mil- 


waukee, Wis. 


Relays 


The Standard Bulletin 106 relay is 
now furnished with rubber insulated 
feed wire and a molded phenolic resin 
base. It is claimed that greater pro- 
tection is provided against absorption 
of moisture, and that higher insulating 
qualities, increased mechanical strength 
and lighter weight are obtained. Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 





Reversible Motor 


This new capacitor-start reversing mo- 
tor makes use of a special centrifugal 
switch, a solenoid relay and a resistor, 
all of which are furnished as a part of 


the motor. No brushes or commutators 
are used. A separate drum switch must 
be used and, to reverse the motor, it is 
simply necessary to throw the drum 
switch from one side to the other. It is 
claimed that the circuit used will give 
greater torque during the starting and 
accelerating period and protect the 
winding from damage and possible mo- 
tor burnout. It is available in ratings 
of from 1% to 34 hp., for use on cranes, 
hoists, etc. Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa. 


Midget Air Powered Pump 


Eastern Model D air powered pump 
is explosion-proof, has variable per- 
formance controlled by varying the 
speed of the air motor, and has a high 
capacity in relation to its size. Operat- 
ing on 100 lb. per sq. in., the pump has 
a maximum capacity of 15 g.p.m., and 
a maximum pressure of 35 lb. per sq. in. 
Operating on 20 lb. per sq. in. air pres- 
sure, the pump has a maximum capa- 
city of 74 g.p.m. at a maximum pres- 
sure of 13 lb. per sq. in. Weighing only 
10 lb., the pump has a size of 54% x 6 x 
7 in. Pump impeller is mounted on 











the end of the 14-hp. ball bearing air 
motor countershaft. Nozzles are 
threaded for 14-in. standard pipe fit- 
tings. Eastern Engineering Co., 45 Fox 
St., New Haven, Conn. 


Optical Projector 


Suitable for use in shop, tool room, 
laboratory or inspection departments, 
this new optical projector may be used 
by inexperienced operators for the most 
critical inspection operations. Objects 
to be measured, inspected or compared 
are placed on the work rest member of 
the stage. This design feature elim- 
inates the need for numerous staging 
or holding fixtures. One of the major 
advantages claimed for this projector is 
the use of an optical system which per- 
mits the ready change of image magni- 
fications. The reflected image is pro- 
jected on a clear or ground glass screen. 
Both plain and coordinate type stage 
units are available and with the latter 
type are included dial type micrometer 
indicators. Standard magnifications 


available are 10, 20, 30, 45, 60, 80 and 
100. Portman Machine Tool Co., Mt. 
Vernon, N. Y. 





Automatic Temperature 
Indicator 


Where it is necessary to take a large 
number of thermocouple temperature 
readings this automatic indicator is said 
to be extremely rapid and convenient. 
It consists of a Micromax strip-chart 
indicating recorder without the record- 
ing mechanism and uses a clearly grad- 
uated scale 97% in. wide. It is, in ef- 
fect, a hand-standardized potentiometer 
with automatic reference-junction com- 
pensator. It can be supplied with tog- 
gle-type switches for at least 50 couples, 
which are indicated only; or for at 
least 30 couples, usually recorded, 
which are disconnected from the re- 
corder for indicator readings. 

Switches are double-throw, non-lock- 
ing, with spring return to neutral and, 
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for easy identification of couples, tog- 
gle-switch handles can be supplied in 


various colors. There are no dials to 
turn and no galvanometers to watch. 

For iron-constantan couples the indi- 
cator can be had in various ranges be- 
tween zero deg. and 2000 deg. F., and 
for chromel-alumel couples in various 
ranges between zero deg. and 2,600 
deg. F. 

The case can be had for panel, wall 
or post mounting or for use on a table. 
It is dust tight and, generally, vapor 
tight, but can be readily serviced. Leeds 


& Northrup Co., Philadelphia, Pa. 


Flexible Couplings 


Fast assembly, symmetry, balance 
and smooth exterior are features of a 
new “Torflex” line of flexible drive 
shaft couplings. Each type is so de- 
signed that it can be used with differ- 
ent size shafting at each end. The 
couplings will take either parallel or 
angular misalignment of any size shaft- 
ing between 14 in. and 134 in. and con- 
sist essentially of two metal caps, two 
rubber bushings, and a metal spacer. 
The rubber bushings fit over the ends 
of the shaft, and are forced against 
the metal spacer when the metal caps 
are screwed together. Assembly is com- 
pleted by tightening each coupling cap 
with two ordinary pipe wrenches. 


Torque capacities range up to 825 in.- 
lb. at. recommended usages. With the 
Torflex coupling only one shaft requires 








any preparation. This consists of merely 
grooving either shaft to a depth of ¥% 
in. and can be done with an ordinary 
triangular file. The couplings are silent 
in operation, requiring no lubrication 
oil boots or periodic inspections. Harris 
Products Co., 5428 Commonwealth Ave., 
Detroit, Mich. 


Quick Assembly Nuts 


The new Speed Nuts offer many ad- 
vantages in savings of cost and as. 
sembly time as they weigh only 20 
percent as much as conventional fasten- 
ings of similar application. These 
Speed Nuts are designed with a ball 
formation surrounding the prongs of 
the Speed Nut that is sufficient to span 
the standard dimpling for countersunk 
flat head screws or bolts. Upper illus- 
tration shows three of these Speed Nuts 
used in a navigation light mounting 
plate. Horizontal view shows counter- 
sunk flat head screw engagement with 
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Speed Nut riveted in position. Made of 
special spring steel, they have remained 
tight under severest vibration tests. 
They are intended for use in all air- 
craft assemblies. Tinnerman Products, 


Inc., Cleveland, Ohio. 


Heat-Resisting V -Belts 


In the past, standard construction 
V-belts have been recommended only 
for “operations in temperatures under 
130 deg. F. Specially compounded heat- 
resisting V-belts were furnished for 
temperatures above 130 deg. As a Ie 
sult of development and research it has 
been possible to increase the _heat- 
resisting - qualities of the standard 
V-belts so that they are now fully equal 
to the special black heat-resisting belts. 
Because of this, the special black heat- 
resisting belts are being discontinued 
and the new standard belts can be or 
dered from stock at no extra cost for 
drives on which the heat-resisting belts 
have previously been necessary. The 


B. F. Goodrich Co., Akron, Ohio. 
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Circle Calculator 


Planned as an aid to designers and 
shop men in the rapid calculation of 
diameters and circumferences of circles, 
this Circle Meter can be folded for 
pocket use although it is approximately 
12 in. square. The inner circles contain 
diameters and the outer circles con- 
tain the corresponding circumferences. 
Readings are in 14 in. divisions up to 
72 in. in diameter but can also be inter- 
preted as feet, yards, ete. Each pair 
of inner and outer circles has a distinct 
color for quick identification. Interstate 


Sales Co., New York, N. Y. 





Asbestos Clutch Facings 


These improved clutch facings are 
announced as covering the complete 
range of industrial, as well as automo- 
tive service, requirements. All shapes 
and sizes are available in disk type, 
cone type and gear-toothed type clutch 
facings. It is claimed that the use of 
improved material combinations and 
special methods of processing result in 
more dependable performance as well 
as greatly extended wear life. Material 
combinations and processing methods 
are varied to meet operating conditions 
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and the clutch facings can be obtained 
in sizes from those weighing over 1,000 
lb. to those weighing less than one 
ounce. Gatke Corp., Chicago, Ill. 


Plastic Handles 


Described as “smartly simple” in de- 
sign, a new line of colorful plastic han- 
dles for drawers, doors, and many other 
applications are molded only of non- 
restricted acetate plastics. Fiesta 
handles are available in red, green, 
blue, ivory, and black colors, are highly 
resistant to cracking and chipping, and 
cannot fade or tarnish. They are said to 
harmonize with current design trends 
in a wide range of products such as fur- 
niture, industrial equipment, electrical 
appliances, stoves, radios, refrigerators, 
and any equipment where handles are 
used. Continental Plastics Corp., 308 
W. Erie St., Chicago, Tl. 


Tapped Resistor Sections 


Providing an economical answer to 
the problem of making up tapped re- 
sistors with any number of 10 or 15- 
watt sections to any required resistance 
values, these Type VD Koolohm re- 
sistors are supplied in compact 10 or 
15-watt sections with ball and recess 
interlock. This automatically connects 
the units electrically in series and pre- 
vents turning when mounted on the 
threaded steel rod which is provided. 
The rod can be cut to any desired 
length. Mounting feet and ceramic end- 
spacers are also supplied. Overall 


length of the 10-watt Type VD Kool- 
ohm is 11 in. and its diameter is 5 in. 
The 15-watt sections are 1% in. long 
and ié in. dia. Sprague Specialties Co., 
Resistor Div., North Adams, Mass. 





High Pressure Pump 


This new vertical triplex pump is a 
single acting plunger type and is par- 
ticularly suited to applications where 
small capacities and high pressures are 
required, as for the operation of hy- 
draulic presses, manufacture of plas- 
tics, etc. This pump has no gears and 
is especially designed for use with 
built-in gear head motors, although it 





can be arranged for V-belt drive. Its 
plungers are outboard and it makes use 
of a dry joint between the liquid cylin- 
der and power frame, thus eliminating 
the possibility of leakage of the liquid 
into the crankcase and effectively pre- 
venting contamination of lubricating oil. 
The pump comes in eight sizes for pres- 
sures up to 9,800 lb. and capacities up 
to 51 g.p.m. Worthington Pump & Ma- 
chinery Corp., Harrison, N. J. 


Synthetic Rubber Seals 


Ameripol synthetic rubber forms the 
basis for the compound used as the 
molding material for all types of oil 
seals and V-type packings for the avia- 
tion industry. It can be fabricated to 
close tolerances and is noted for its 
low oil absorption, low friction, and 
high resistance to metal corrosion, heat, 
light and ozone. Its flexibility at low 
temperatures and resistance to oil ab- 
sorption should make Ameripol one of 
the most effective and efficient hydraulic 
seals now available for airplane use. 
[Illustrated are oil seals and packings 
which have been approved and are now 
in production. Cut-away section on one 
unit shows V-shape of V-type packing. 


Miller Rubber Co. Inc., Akron, Ohio. 
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Books and Bulletins 





Inspection of Metals 


Harry B. Putsirer—180 pages, 6x9 
in., illustrated and indexed. Published 
by American Society for Metals, Cleve- 
land, Ohio. Price $1 with paper covers; 
$1.50 with clothboard covers. 


This book is intended for those learn- 
ing to inspect metal. It covers the va- 
rious tests that are made, and technique 
of making them, and how the results 
may be interpreted in terms of metal 
quality and utility. Illustrations of test 
equipment and of metallurgic patterns 
clarify many details. An introductory 
chapter reviews the steelmakers’ aims 
and how they may be frustrated by fac- 
tors beyond his control. 


Handbook of Sleeve Bearings 


ALBERT B. WILLI-—248 pages, 6144x914 
in. Red clothboard covers. Published by 
Federal-Mogul Corp., Shoemaker and 
Lillibridge Sts., Detroit, Mich. Avail- 
able only to those directly concerned 
with sleeve bearing applications. 


Written as a guide to bearing design 
and selection, this excellent handbook 
is probably the first of its kind pub- 
lished. Briefly, it discusses the effect 
of design, alloys and manufacturing 
methods upon sleeve bearing efficiency, 
and defines the field of application for 
each basic type of sleeve bearing. 

One of its most valuable uses will be 
as a reference; approximately half the 
pages list sizes and types of bearings 
and bushings for which major manu- 
facturing tools are now available. 

Albert B. Willi, the author, is well- 
known to Propuct ENGINEERING readers 
for his articles on bearing construction 
and shims for bearings. 


Glass the Miracle Maker 


C. J. Puiiirs—424 pages, 6x9 in., 
gray clothboard covers, illustrated. Pub- 
lished by Pitman Publishing Co., 2 
West 45th St., New York, N. Y. Price 
$4.50. 


The story of glass, taking up the his- 
tory, manufacture, chemistry, physical 
and chemical properties and applica- 
tions of glass is presented in this book 
by an authority connected with one of 
the leading glass makers of the coun- 
try. Although it is intended primarily 
for industrial designers and executives, 
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mechanical, electrical, chemical and 
civil engineers, there are portions that 
would interest people in all walks of 
life. 

Many new industrial applications of 
glass which have been made in the past 
few years are described in this book 
along with the advances in the physical 
properties of glass, which will be of 
value in determining what can and can- 
not be done with glass and in finding 
intelligent uses for glass in unexplored 
fields. While the treatment of the sub- 
ject is general, the author gives many 
references to literature for those who 
wish to dig deeper into specialized 
phases. 


Mathematics for Engineers 


Raymonp W. DuLtt—Second edition, 
780 pages, 54%2x8 in. Drab buckram 
covers. Published by McGraw-Hill Book 
Co., Inc., 330 West 42nd St., New York, 
N.Y. Price $5. 


In this second edition many minor 
changes have been made throughout the 
text. One major change, however, has 
been made in the chapter covering the 
use of the slide rule, in which several 
new rule operations have been added 
for use with the newer and improved 
slide rules. 

The book, which originally was pre- 
pared from the author’s own notes on 
mathematics accumulated in the course 
of his engineering practice, affords 
quick reference to mathematical prin- 
ciples, operations, and formulas which 
engineers use constantly in their cal- 
culations. The book can also be used as 
a text by engineers who wish to brush 
up on their mathematics. All branches 
of the subjects are covered; arithmetic, 
algebra, trigonometry, logarithms, de- 
terminants, graphs, analytical geometry, 
vectors, calculus, and hyperbolic func- 
tions. All the material is presented in 
a concise style for quick application. 


Molding Technique for 
Bakelite and Vinylite Plastics 


Fourth edition, 224 pages, 8x11 in. 
Blue leatherette covers. Published by 
the Bakelite Corporation, 30 East 42nd 
St., New York, N. Y. Price $3.50. 


Designed as a handbook that covers 
the art of molding plastic products, this 
volume discusses all the important 





phases of molding processes and type 
of molding equipment employed in com- 
mercial production. Short descriptions 
of the various phenolic, urea, polysty- 
rene, cellulose acetate and vinylite plas. 
tic molding materials are included, also 
lists of common molding faults with 
their causes and remedies. 

This fourth edition also contains a 
section on cost accounting, with sample 
record keeping and cost control forms, 
For engineering calculations a section 
is devoted to conversion tables, prop- 
erties of materials, steam pressure— 
temperature factors, fluid flow in pipes, 
and general mathematical tables. 


Helical Compression Springs 


Keysor, Pletta, and Maher—Bulletin of 
Virginia Polytechnic Institute, Blacksburg, 
Va., Engineering Experiment Station Series 
No. 47, 33 pages 6 x 9 in., paper cover, 
Available free. 


Three phases of spring design are coy- 
ered in these reports to a special research 
committee of The American Society of Me- 
chanical Engineers. The Calculation of the 
Elastic Curve of a Helical Compression 
Spring without making the usual assump- 
tion of axial loading but assuming eccen- 
tric loading is discussed in Part I. 

The subject of Part II is Helix Warp- 
ing in Helical Compression Springs and 
is based on further research in which actual 
and theoretical behavior are found to agree. 
Tests on Load-Deflection Characteristics of 
Helical Springs, described in Part III, 
show the effect of cold-working helical 
springs after heat treatment. 


Symposium on Color 


86 pages, 6x9 in. Published by Ameri- 
can Society for Testing Materials, 260 S. 
Broad St., Philadelphia, Pa. Price, paper 
binding, $1; cloth binding, $1.25. 


Stressing the importance of adequate 
specifications, this publication prints the 
technical: papers presented in March at 
the Symposium on Color jointly sponsored 
by A.S.T.M. and the Inter-Society Color 
Council. Subjects covered include: color 
specifications, hiding power and opacity, 
color standards for opaque materials, spec- 
trophotometry and color evaluation and 
photoelectric tristimulus colorimetry. 


Catechism of Electrical Machinery 


101 illustrations, 48 pages, 84 by 11 in. 
Published by Fairbanks, Morse & Co., 600 
S. Michigan Ave., Chicago, Ill. Available 


free. 


Written for those who are not entirely 
familiar with the subject, this catechism 
begins by explaining electricity and mag: 
netism as utilized in electric generators 
and motors, and goes on to discuss im- 
portant electrical measurements. Princi- 
ples of d.c. generators and motors are Pre 
sented next, followed by a study of alter- 
nators and a.c. motors. Illustrations and 
simplified diagrams are included. 
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HELICAL TENSION SPRING TABLES—I 


THE TENSION SPRING TABLES appearing 
in this and following issues are of the 
same general type as the compression 
spring tables published in Propucr 
ENGINEERING for August, September, 
November and December, 1939. A simi- 
lar quick and convenient method for 
selection of tension springs does away 
with the usual cut-and-try process. A 
simple method of handling initial ten- 
sion is shown also. Springs with initial 
tension, requiring a certain pull before 
the coils begin to open, have the advan- 
tage of better space economy. In addi- 
tion, they have a better appearance and 
are easier to handle because the initial 
tension keeps them firm and straight. 
Spring manufacturers usually furnish 
springs with initial tension, whereas 
springs wound in the tool room or ma- 
chine shop generally are without initial 
tension. The method presented with 
this series of tables will handle either 
kind with equal ease. 

Fig. 1 shows a spring and load dia- 
gram which illustrates the characteris- 
tics of a spring with initial tension. P,. 
P, and P are the loads at the three posi- 
tions indicated. From the diagram and 
the definitions given for the load-in- 
crease factor i, the spring ratio R and 
the initial tension T, the formulas with 
Fig. 1 are derived. Since this involved 
simple algebraical steps, the derivation 


Table D 


Initial Tension Factor, T 
MAXIMUM VALUES 





Stress Group 


Spring Ratio Low Med. High 
Up to 0.500 0.10 0.09 0.08 
0.500 to 0.750 0.15 0.13 0.12 


0.750 to 1.000 0.18 0.16 0.14 


1 to 1.25 0.21 0.18 0.16 
1.25 0 1.50 0.23 0.20 0.18 
1.50 to 1.75 0.25 0.22 0.19 
1.75 to 2.00 0.26 0.23 0.20 
2.00 to 2.50 0.27 0.24 0.21 
2.50 to 3.00 0.29 0.25 0.22 
3.00 to 3.50 0.31 0.26 0.22 
3.50 to 4.00 0.32 0.27 0.23 
1.00 to 5.00 0.34 0.28 0.24 
5.00 to 6.00 0.36 0.29 0.25 
Over 6.00 0.38 0.31 
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of these formulas has been omitted. For 
springs without initial tension, the factor 
T becomes zero. It should be noted that 
in all spring calculations the terms 


“free length, min.” and “max. working 
length” apply to the coiled section, cen- 
ter line to center line wire, as shown by 
L, in Fig. 1, whereas on drawings, the 


Table A—Stress Groups for General Purpose Springs 





Rapip RECIPROCATING 
MOoTION WITH 

| VARIABLE WoRKING 

| Stroke. Max. Loap 


Rapip 
RECIPROCATION 

















| Wire INFRE-| A ppRoacuED IN- 
iia | IRE | QUENT) FREQUENTLY. ALSO 
MATERIAL Dia. |_ OR | Stow RECIPROCATION 
STATIC 2a) | ere eee I ee 
| Loans| Loap INCREASE Loap INCREASE 
Factor, i Factor, i 
| Upto Over Up to| 1.4— |1.667|1.8-2 
i.3 LS i.go| 1.3 
PORN WIE os.6 6 S506 ota 2 Small |High |High High High |High |High |High 
Carbon steel pretempered| Med. |High |Med. Low Med. | Med. |Low |Low 





Hot rolled steel heat)Larger| Med. |Med. 


Low 





























; Med. |Low |Low |..... 
treated after coiling 
Carbon steel hard drawn/Med. [Low jLow | — |Low | 
Special high grade valve| Med. _— ‘High High 'High |High High 
spring wire pretempered|sizes | | 
Stainless steel.......... Med.&|Low |Low \Low | | 
large | | 
aa. a a pom rE yy Hs 
Chrome vanadium steel|Med. |High |High |High High |High |Med. |Med. 
wire quenched and tem-|and | 





pered after coiling large | | | 
| | | 


| 





Use a lower stress group when the spring is subject to corrosion or when spring failure 
will have serious consequences. 
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Fig. 1 


Spring and load diagram for springs with initial tension 

















free length usually is taken between 
hooks. 
. Tables A and C, which are given here, 
are used in the same way as the cor- 
responding tables appearing with the 
compression spring tables. Their appli- 
cation will be apparent from the direc- 
tions for spring selections in following 
issues. 

Table D shows the maximum initial 


tension factor 7 that can be used for a 
spring of given ratio and stress group. 
It is preferable to use a value somewhat 
below the maximum, say about 25 per- 
cent lower, although the full value may 
be used if necessary. 

The choice of the load-increase factor 
i depends on the requirements of the 
mechanism of which the spring is a 
part. Usually the load at the minimum 





working length is the basic load and a 
large load increase during the working 
stroke is not desirable. But, the smaller 
the load-increase factor, the larger will 
be the required spring. Good average 
values for i are 1.40 and 1.50. However. 
if the spring has to provide a larger 
accelerating force during the first part 
of its contraction, a greater value for i 
is in order. 


Table C—Values for Theoretical Deflection, D: 













































































(IN INCHES) 
Work- Loap INcREASE Factor, i 
ing | |————— ————_$__________ ——— 
stroke 1.2 | 1.25 1.333 1.4 1.5 1.667 1.8 ps 
in. — — ~ — —— ——— 
Frac Dec Frac Dec Frac Dec Frac. | Dec Frac. | Dec Frac | Dec. | Frac Dec. | Frac. | Dec 
1/32, 3/16} 0.188 5/32] 0.156 1/8 | 0.125 7/64) 0.109 
3/64 9/32) 0.281 15/64) 0.234 3/16) 0.188 0.164 9/64) 0.141 
1/16 3/8] 0.375 5/16] 0.313 1/4] 0.250 7/32) 0.219 3/16] 0.188 5/32) 0.156 9/64) 0.141 1/8/0.125 
5/64] 15/32) 0.469 25/64) 0.391 5/16} 0.313 0.273) 15/64) 0.234 0.195 0.176 5/32|0.156 
3/32 9/16) 0.563 15/32| 0.469 3/8 | 0.375) 21/64) 0.328 9/32| 0.281 15/64) 0.234 0.211 3/16)0.188 
7/64| 21/32) 0.656 35/64] 0.547 7/16} 0.438 0.383) 21/64) 0.328 0.273 0.246 7/32\0.219 
1/8 3/4 | 0.750 5/8 | 0.625 1/2 | 0.500 7/16| 0.438 3/8 | 0.375 5/16) 0.313 9/32| 0.281 1/4 10.250 
5/32} 15/16) 0.938 25/32) 0.781 5/8 | 0.625) 35/64) 0.547] 15/32) 0.469 25/64) 0.391 0.352 5/16|0.313 
3/16]1 1/8 | 1.125 15/16} 0.938 3/4 | 0.750) 21/32] 0.656 9/16) 0.563 15/32] 0.469] 27/64) 0.422 3/8 10.375 
7/32|1 5/16} 1.313} 1 3/32] 1.094 7/8 | 0.875) 49/64] 0.766) 21/32) 0.656 35/64 0.547 0.492 7/16|0.438 
1/4 |1 1/2] 1.500} 1 1/4] 1.250) 1 1.000 7/8 | 0.875 3/4 | 0.750 5/8 | 0.625 9/16) 0.563 1/2 |0.500 
9/32|1 11/16) 1.688) 1 13/32) 1.406) 1 1/8 | 1.125) 63/64) 0.984) 27/32) 0.844 45/64) 0.703 0.633 9/16|0.563 
5/16|1 7/8 | 1.875} 1 9/16) 1.563) 1 1/4 | 1.250)1 3/32] 1.094) 15/16] 0.938 25/32) 0.781] 45/64] 0.703 5/8 |0.625 
11/32/2 1/16) 2.063} 1 23/32) 1.719] 1 3/8 | 1.375]1 13/64] 1.203/1 1/32] 1.031 55/64) 0.859 0.773} 11/16)0.688 
3/8 |2 1/4 | 2.250) 1 7/8 | 1.875) 1 1/2 | 1.500)1 5/16) 1.313)1 1/8 | 1.125 15/16} 0.938] 27/32) 0.844 3/4 |0.750 
13/32|2 7/16) 2.438) 2 1/32} 2.031] 1 5/8 | 1.625/1 27/64] 1.422}1 7/32] 1.219] 1 1/64) 1.016 0.914) 13/16)0.813 
7/16\2 5/8 | 2.625} 2 3/16) 2.188) 1 3/4 | 1.750)1 17/32} 1.531)1 5/16} 1.313) 1 3/32] 1.094) 63/64) 0.984 7/8 10.875 
15/32|2 13/16) 2.813) 2 11/32} 2.344) 1 7/8 | 1.875|1 41/64] 1.641/1 13/32] 1.406} 1 11/64) 1.172 1.054) 15/16|0.938 
1/2 |3 3.000} 2 1/2 | 2.500} 2 2.000)1 3/4] 1.750)1 1/2 | 1.500) 1 1/4] 1.250). 1/8 | 1.125) 1 1.000 
9/163. 3/8 | 3.375) 2 13/16) 2.813] 2 1/4 | 2.250)1 31/32] 1.969)1 11/16] 1.688) 1 13/32] 1.406]1 17/64] 1.266] 1 1/8 {1.125 
5/8 |3. 3/4 | 3.750) 3 1/8 | 3.125) 2 1/2 | 2.500/2 3/16] 2.188/1 7/8 | 1.875) 1 9/16) 1.563/1 13/32] 1.406] 1 1/4 |1.250 
11/164 1/8 | 4.125) 3. 7/16) 3.438] 2 3/4 | 2.750/2 13/32) 2.406/2 1/16] 2.063) 1 23/32) 1.719]1 35/64] 1.547] 1 3/8 |1.375 
3/4 |4 1/2 | 4.500| 3 3/4 | 3.750) 3 3.000\2 5/8 | 2.625)2 1/4 | 2.250) 1 7/8 | 1.875)1 11/16) 1.688) 1 1/2 |1.500 
13/16/4 7/8 | 4.875) 4 1/16) 4.063] 3 1/4 | 3.250)2 27/32] 2.844|2 7/16] 2.438) 2 1/32] 2.031]1 53/64) 1.828] 1 5/8 |1.625 
7/8 \5 1/4 | 5.250) 4 3/8 | 4.375) 3 1/2 | 3.500/3 1/16) 3.063/2 5/8 | 2.625) 2 3/16) 2.188]1 31/32] 1.969] 1 3/4 |1.750 
15/16|5 5/8 | 5.625) 4 11/16) 4.688) 3 3/4 | 3.750/3 9/32) 3.281\2 13/16) 2.813] 2 11/32] 2.344|2 7/64) 2.109] 1 7/8 |1.875 
1° «6 6.000) 5 5.000) 4 4.000/3 1/2 | 3.500/3 3.000} 2 1/2 | 2.500/2 .1/4 | 2.250) 2 2.000 
11/8 (6 3/4 | 6.750) 5 5/8 | 5.625) 4 1/2 | 4.5003 15/16) 3.938/3 3/8 | 3.375] 2 13/16) 2.813/2 17/32] 2.531] 2 1/4 |2.250 
11/4 |7 1/2 | 7.500| 6 1/4] 6.250) 5 5.000)4 3/8 | 4.3753 3/4 | 3.750) 3 1/8 | 3.125]2 13/16) 2.813] 2 1/2 |2.500 
1 3/8 |8 1/4 | 8.250| 6 7/8 | 6.875) 5 1/2 | 5.500\4 13/16] 4.813/4 1 8 | 4.125) 3 7/16) 3.438/3 3/32) 3.094] 2 3/4 |2.750 
1 1/2 9 9.000; 7 1/2 | 7.500] 6 6.0005 1/4] 5.250\4 1/2 | 4.500) 3 3/4 | 3.7503 3/8 | 3.375) 3 3.000 
1 5/8 |9 3/4 | 9.750) 8 1/8 | 8.125) 6 1/2 | 6.500/5 11/16) 5.688/4 7/8 | 4.875| 4 1/16] 4.063|3 21/32] 3.656] 3 1/4 |3.250 
1 3/4 8 3/4 | 8.750] 7 7.00016 1/8 | 6.1255 1/4 | 5.250) 4 3/8 | 4.375/3 15/16) 3.938] 3 1/2 |3.500 
1 7/2 9 3/8 | 9.375) 7 1/2 | 7.500}6 9/16) 6.5635 5/8 | 5.625) 4 11/16) 4.688|4 7/32] 4.219) 3 3/4 |3.750 
2 10 10.000) 8 8.000|7 7.00016 6.000) 5 5.000)4 1/2 | 4.500) 4 4.000 
2 1/4 9 9.000)7 7/8 | 7.875)}6 3/4 | 6.750) 5 5/8] 5.625)5 1/16) 5.063] 4 1/2 |4.500 
i /2 i 10 10.000\8 3/4 | 8.750\7 1/2 | 7.500) 6 1/4 | 6.25015 5/8 | 5.625) 5 5.000 
2 3/4 D.=— Xs | 9 5/8 | 9.625/8 1/4 | 8.250] 6 7/8 | 6.875/6 3/16) 6.188) 5 1/2)5.500 
i—l 
3 9 9.000} 7 1/2 | 7.500)6 3/4 | 6.750) 6 6.000 
3 1/4 D, = theoretical deflection 9 3/4 | 9.750) 8 1/8] 8.125/7 5/16) 7.313] 6 1/2 {6.500 
+ 3/2 8 3/4] 8.750/7 7/8 | 7.875) 7 7.000 
3 3/4 s = working stroke 9 3/8 | 9.375|/8 7/16) 8.438] 7 1/2 |7.500 
load at min. working length 
4 it = load increase factor = —————___—__——__—_ 10 10.000|9 9.000] 8 8.000 
41/2 load at max. working length 9 9.000 
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